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A three-dimensional mathematical model of a seat, occupant(s), and restraint system has been
developed for use in aircraft crashworthiness analysis. Programs SOM-LA (Seat/Occcupant M.ndel
- Light Aircraft) and SOM-TA (Seat/Occupant Model - Transport Aircraft) combine a lumped
parameter model of aircraft occupants with a finite element model of the seat structure. SOM-LA
models a single occupant, whereas SOM-TA has tl&e capability to model up to thiee passengers.
The intent of these programs is to aid "n evaluation of the pei-formance of aircaft seats and restraint
systems in crash environments. Because the programs have been written for use primarily by
engineers concerned with the design and analysis of seats and restraint systems, an effort has been
made to minimize the input that is required to describe the occupants. Characteristics of two
standard occupants, one du-mny and one human, are included within the program, and an option is
provided to simulate other occupants by providing additional input data. The structural model
inciudes beam elements and has a maximum capacity of approximately 450 degrees of freedom, as
determined by array dimensions within the programs. The beam elements can accommod ate large
plastic deformations and include the capability for cross section reduction due to local instabilities.
Four different cases are described, and a listing of input data is provided for each. These examples
are (1) a simple three-passenger airline seat model with three occupants, (2) a single-occupant
general aviation seat with a more complex structural configuration than that of the first example, (3)
an energy-absorbing helicopter seat, and (4) a case in which two seat rows are modeled, in order to
demonstrate the effects of passenger impact on the seat backs in front of them.

A line-by-line description of input data is provided in an appendix. Another apperdix includes
examples of input data for nonstandard occupants, several cushion materials, and a number of
structural alloys. Program organization is des-.ribed in detail, as are the funcit-)ns of all
subroutines. A complete set of output data for one of the examples is also included.

Details of the mathematical models and solution algorithms for the SOM-LA program were
reported in DOT'FiAAXCT-9'),33-I (March 1983) ,nd. for the SOM-TA program, in DOT/FAA/CT-
86/25-I (.ý.ugust 1986). The program documentation was originally presented as a second volume
of each of the above reports (DOT/FAA/C'I'-82/33-lI and DOT/FAA/CT-86/25-11). Due to
program modifications, those separate manuals (the second volumes) are now superseded by this
single document.



Proram3s SOM-TA (Seat/Occupant Model Transport Aircraft) and SOM-LA (Seat/Occupant
y,,;odel - Light Aircraft) combine a lumped parameter model of i " craft occupants with a finite

element model of the seat structure. SOM-LA models a single occup. nt, whereas SOM-TA has the
capability to model up to three passengers. The intent of these programs is to aid in evaluation of
the performance of aircraft seat and restraint systems in crash environments. Because the
progranis have been written for use primarily by engineers concerned with the design and analysis
of seats and restraint systems, an effort has been made to minimize the input that is required to
describe the occupants. 'The program allows simulation of one, two, or three passengers, of the
same or different sizes. Characteristics of two standard occupants, one dummy and one human,
are included within the program, and an option is provided to simulate other occupants by
providing additional input data. The structural model includes beam elements and has a maximum
capacity of approximately 450 degrees of freedom, as determined by array dimensions within the
program. The beam elements can accommodate large plastic defor-nations and include the
capability for cross -sIection reduction dae to lo.:•. instabilities. As an option to reduce both
rrodeing conplexit,, and ,ecution costs i'.1r ciei where only the cstraint system or cabin

anfiguration is of ccmcern, or for cases whe,-e thi- d&.:Aai~s of the s,-at des; •,n may not yet be known,
•. rigid seat model, in whi%.h scat pan and back planes defiil-.i by inp.t are maiiantained in fixed
po:sitions in the airoraft, is avaiiable. Details of the rmLthematic, 1 modls, validation programs, and
solution procedures are co;~tained in Reference 1 for SOM--LA and Reference 2 for SOM-TA.
Input instructions for the SOM.-LA and SOM-TA computer programs were originally presented in
References 3 and 4, respectively, which this report now replaces.

The following sections of this report present instructions necessary for the use of Programs SOM-
TA and SOM-LA, and information to enable the user to operate, the program most efficiently.

Sections 2.0 and 3.0 describe program input and output, respectively, including options available
'o the user. Section 4.0 outlines an efficient procedure for development of a mathematical mrodel.

Section 5.1 then provides detailed d(escriptions of sample input cases. Appendix A defines all
input variables, line by line. Appendix B provides exampies of material properties and occupant
characteristics required as input daia. Appendix C describes program organization and the
functions of al! subroutines. Appendi.- 1) displays the complete set ,f output data for the example
described in Sectioai 5.1 and Appendix A.

"S



2. 0 !RQQR A NIN PA1AI

Input data are read in the following six bMocks:

I1. Simulation and output control informiation

2. Cushion properties

3. Restraint system description

4. Crash conditions

5. O~cu pant description

6. Seat design information.

All input data, except those pertaining to the seat (Block 6), are read by subroutine INPT;I the seat
data are read by subroutines SEIATIN, BGFOM, CABIN, and REAI)IN.

The coo~rdinate systtem that is fixed to the aircraft at the floor hias tile following positive directions:

X - Forward
Y -!.it
Z- Upward

The basic input data deck consists of 'a mininluini of 26 lines of data for c xecution of' Program)
SOM-LA/SOM-TA with one passengvr. These are described ini detail in Appendix A. The basic
citse ma11kes LISe of at rigidJ seat modle, specified by NSFAT] 0 on Line .3. Modeling an actual seat
wvith the finite element analysis wou IC reqUire at rIumtber of adid itional lines, beg inning with laine 6
27. Requesting the storage of plot data onl externatl flcs, linit 14 for thie (xWCUpanit andl unit 20) for

thle Seat, by Setting NOPIA.' > 0 on LiIne 4 or NS PIT -> 0 on Line 27, requires additional linles to
describe7 tile plots. M(XICI fng non1standard occupIanlt(s) req uLireS ant additional 1 2 data lines for each
OCCUpartnt after line 22. If thIe Seat R 1W lit frow~ of the passenger(s) IS, to be- rflde led, si- addl It iona I
linles of dat1a Imust IV added it! thle end of thle inpuit dvc k

Hwi toliowitig "Cections o., thil, chapt"et prtsent ei.rtou oI CdAI Of Tile SIX iIuJI! t1~i blocs
1ifliUdIlIg TiiotrWeil~ dein~titios A' flthe aoxc Ip~~s Iinc !)\ ltine du1stript itI IS of inlpit d&tta

toti ~illo vu spiii are paresented in Appcniixi A

n2 aI4 F s\ la Nt I N I pi illwtviI (ni I a ic pk-fliMIlit , the ivt[ to Slckcltv cittie r die SI
(I F11gl '. ,lo:I ovt~t (tf nitit fii hoth tIn[)it allti ouitpit dllta IAIýlI~II mlilis arev pil'selted ihrouelIiotu

OlC I11)l Ii ifIStttjiii U1ll"Ill thi-, It'Jvioi mid ikii tii5Cd ill tie Samlple Inplt cil',cs. hin Ow SI N'stt1IIi of

I S~,k~1 )2k111 IW li N'\ I \l IILtCL ON I IhC 111cO tltit! hl '"CICki cit .t I J l iI dl

t'lilt cI.14 1 ,%l 11xc h. ld ".( n ~ clkm IA la c 1ý1I~ w c l it



The type of seat (single-, double.., or triple-occupant) is specified on Line 3, along with
identification of the positions that are occupied.

2.1.3 . L"W .•0Z,-&. •f The NDIM parameter on Line 3 permits selection of either
two- (NDIM = 2) or three-dimensional (NDIM = 3) occupant response. The three-dimensional
occupant model consists of 12 rigid segments, illustrated in Figure 1, with rotaticnal springs and
dampers at the joints. Each of the torso joints possesses three rotational degrees of freedom, or, in
otIer words, is a ball-and-socket type joint. Because of the hinge-type motion at elbow and knee
joints, the position of a forearm or lower leg relative to an upper arm or thigh, respectively, is
described by one additional angulay coordinate. In total, this occupant model possesses 29 degrees
of freedorn.

An alternative occupant model, which is restricted to plane motion, is specified by NDIM - 2 on
Line 3; it consists of 11 segments, as shown in Figure 2. Beam elements in the torso and neck are
capable of flexural aid axial deformation. Although restricted to two-dimensional response, this
occupant option does permit more direct evaluation of accident severity by output of forces and
momens in the spine and neck. Restraint system forces on the ellipsoidal contact surfaces arer
computed three-dimensionally, but only the X- and Z-components are used. Therefore, the plane-
motion model should be reserved for cases in which both the impact conditions and the restraint
system are symmetricQ with respect to the X-Z plane.

2.1.4 _tpu Con ta. Ten blocks of program output can be selected on Line 4. The data
include time histories of the following varidbles, which are stored during solution at predetermined
print intervals:

1. Occupant segment positions (X, Y, Z, pitch and roll)*

2. Occupant segme'nt velocities (X, Y, and Z)

3. Occupant segment accelerations (x, y, z, and resultants)*

4. Restraint system loads

5, Cushion loads

6. Airc7aft displacement, velocity, and acceleration

7. Injury criteria, including spinal forces anti moments

Details of contact between the occupants and the seat or interior surfaces in front of them

Seat structure nodal displacements and forces

10. Seat structure element stresses-

* lpoppcr case X; Y, Z rkle ,r[ tu , ,ru .. t to fiXe X cm(rdinatc s •'lem- kowc k ';c N, Z/. rcr to aXgiiril it xcd
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Figure 1. Twelve-segirw nt (general thmee-diniersional) occupant mxlel.

Printer plots arre pr.vided for occupant segmnictt accelerations, Ilestrarint system lo~ads, and(I Cushion)
lo~ads. T'he option of two different Filters is also provided for the occiipant seguient accel(erations1
.1nd ctish~oii loads The panlictu ar occ upant for which Outpuit data arc displayced is spec i fitx in
Line 4,

11t'pits arc rcclucsiel br the x'enl.,fl andlor Scal on ine Owthn add)ItionAl 11ines inns. he includcd
to specify plot timles (up to eight and viewIny augkVs. As e spin ned In tht line. by- line, inpla 0data
(le-scrptlons, It' plot an'rcqn~t 1-(UCSC0 ub Cj fN~ U0111!01~ iluuscVI d cfh \Iercfd1 le 1 ivi ad .-N to

sawd1' l)WAI)FOCCSS'l p".

ho ;l ini output dlata are described til-thw ill ( Ii ptrf
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Actua trda tsport air~craft Seats bave hack0s' that aire hinged to rotate for'wai (. it' p tished fii en !)LIl )1d
The SOM -TA program permits tile seat back to ro ate foirward about. a trans vei-so hing a,0 's at the
baise of the back. Should an oxccupant strike any of the. seat back surfaces, the moinen, of thle
Impact 7force with Irespect to thle hinge axis is cohnputod as tile -)rotIuct o'f the normnal component of
tile force. multiplied by (tic (distance from (le axis to the contact point. The applied raoment is
compIJared W01h the resisting momencit, and, if the net momlent is greater than zero, seat hack angular
ac~celeration cy is ctilcultihte according to

Where, Mapp the moment applied to the seat back by the occupanrt,
'Aresthe rrsisting moment of the seat back., and

.,y the mnomenit of inertia of the seat back about a transverse (Y-)
axis at the hinge point.

Theý resisting worrent Mres depends on the cuiment angular displacei-ent of the seat back from its
Initial position and is calcul~ated by inteipoitttion in a table of input moments and displacements
which prdc~the function shwn in Figure 4. Loading along tf-e initial slope u.p to point 2 is
elastic, so that if a slight 'bumrp' were to occur, causing an angular dis~lacement less than
[)DBO(2), the seat back would return to its initial posit~on after removal of tile load. Once
!L)DTBO(2) has beeti exceeded, the insisting moment remains cor.stardt at the "breakover" moment
FFI3O(2) up to a displacement DDBO(3). Beyond DDi3O(3), the resisting moment increases
rapidly, sirnularing a mechanical stop.

Uset of the seat back contact features is specified by input of IOUJT(4) > 0 on Line 4. Six'
;Additioral. input. lines are then required follow~ing Line 26. The input forma is descrihelii
Appendix A.3.

2.3 -CU-1jS 9NPROjM PFR:LL1j3

Seat cushion forces applied to the occupant modJel ant calculated fromi cushion deflections b~ased oil
anl exponcuntiaJ relationship:

F =-C(e~ 1) (2)

lInecs 8 0 r-ough,0 10( require in put, (10t1e C and 11 coefficienlts for this eq uation, aiong wihdamlping
coctfficite n S and thicknesses. The force- deflect i on r-etadonsh ip forw the Seat culsh h i al so inc I tdes
colin p1 a cc of the occup~ant buttocks. '[herr I wre., the, relationship ftl J an ("CC upa nt saIting direr I ly onl

Ia ha-t seatt pal Would be the force-deflec lion curve for the oxccjpupat buttocks. Severial Nil~
Ioic( dcflevýtion urves\t7 with thelir appropi ate coefATIcICents arc p~roNvided In Apenixl.

2.1 RiýSTAN 'YN 1 - -

Scevcr;,t ivsýtr~llii yStemfl C'sHtIguih()uinS AIi alVailale in) S( )M TA/VAI -!A: 1;11p 10[ onks' Llp wilth

h Cti( )WI; ta A,, N)p'ccl d onr (i I ilir 3, hw IIIhit jlI) 'hv int ld ShiotlYti1 11r1111c, .: hIH IJR Ll' 1 0
cih. 1 . a fll)ClýLc 1,Ii tif,(,

iTh i dcs itlcc;l (i htire.. irrc1 l Ii L, 0I tl,, prc-,clriur6 v resrai r-wbf -du p r 1) 1 it iel o l

(01 j rl.--, ;I d ,i f 1 ' fV C )1V v ~ " ý ( m h cr
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Figure 3. Seat back contact surfaces.
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For a seat with a shoulder harness in which an inertia reel is mounted on the seat back and a length
of inertia reel strap is passed along the seat back to a slot above the occupant shoulders, the
XTRAL parameter on Line 14 defines the length of the shoulder strap behind the seat back.

2.5 IMPACT CONDITIDN

Six components of the acceleration of the aircraft coordinate system are provided on NIMPT Lines
beginning with 21A: time, X, Y, Z, yaw, pitch, and roll. Acceleration components are directed in
the aircraft-fixed coordinate system.

2.6 OCCUPANT DESCRIPTION

The IMAN parameter on Line 3 identifies the type of occupant being simulated. Initial positions
for each passenger are specified by data on Line 22. Data for the standard occupart•,, a 50th-
percentile U.S. male and a 50th-percentile (Part 572) anthropomorphic dummy, are included
within the program. For nonstandard occupants, additional data may be provided (for each
occupant) following Line 22 to define segment lengths, center of mass locations, weights,
moments of inertia, contact surface radii, properties for the spine and neck, and compliances for
the chest and abdomen tinder restraint system loading. Examples of these data are included in
Appendix B.

2.7 SEAT DESIGN INFORMAT7ON

2.7.1 Rigid Seat OILpPn. For cases where the details of seat response are not important or not
worth the greater execution costs that would be incurred by the use of the finite element structural
model, a rigid seat option is provided. Plane surfaces representing the seat pan and seat back
support the cushions and remain fixed in the aircraft coordinate system, except where the energy-
absorbing option is used.

2.7.2 Jm. .plificd Energy-Absorbing Seat OptinQ. If the SEATM parameter on Line 24 is greater
than 0, a simplified, two-degree-of .freedom seat model is used. Intended for use in simulation of
a guided energy-absorbing seat, this model permits the stroking of a rigid seat bucket in a
prescribed direction. Because elastic bending of the supporting frame has been observed in testing
of such seats and may influence occupant response, the second degree of freedom is added to
simulate rotational elasiticity of the frame.

Although the finite element analysis can provide a complete evaluation of a seat's crashworthy
performance, the simple stroking seat model cln prove useful in other aspects of seat design. For
example, the iwo-degree-of-freedom imwlel can aid in economically estimating the optimnum energy
absorber limit load for protection of occupants ot various size, as well a,; in evaluating alternative
restraint system contfigturaion0S.

Input data for this seat m(xleii include the weight of the Itlovablc part of the. scat, the dircctinm along
which it will stroke, the mass moment of' inertia with respect to a iateral axis, forcc deflcctioii
cli racteri stics, and un loading slopes.

2.1. • _Ii...u{X_.ii_[nt. T[he inmite lement scat model contain,,d ill 1'rogrirn
(;i),% IA/S()M-TA uses beal.i elements. The beam elemnts; carn aCCommoda10te11C large, plastic

det ormatll ions and hocali.cd buckling of Celecmnts with hollow cros, sectioMs. HIc progrVamilll has A
C .J'(iAty for -75 nolcs and iV1) degrees of frecdom. I low cvor, at ii ore 4eNere restr !!on is pIl eld
on the siec, N, of the Snlate stilCtnss nm1tris. ,i)cn bY:

N N1 H ) i N I I), *Nl (. I I [ ) ,'(



where MUD is the length of the maximum upper diagonal of the banded stiffness matrix given by:

MUD =6* (J + 1) 1 (4)

MEQ equals the total number of degrees of freedom and J equals the maximum difference between
node numbers across elements in the model, as illustrated in Section 4.0.

As determined by array dimensions in Program SOM-LA/SOM-TA, the quantity' N is limited to
16,000.

The finite element seat model uses an unconditionally stable solution algorithm. However, stability
does not necessarily imply convergence to the correct solution, and solution accuracy will depend
on the size of the time step, a smaller time step yielding more accurate results. Because the seat
step size is governed by that for the occupant model, reducing DMAX and DMIN on Line 5 will
produce a more accurate solution. However, little improvement can be expected in reducing the
seat step size below that normally required for stability in the occupant solution.

Material properties, irncluding a three-slope approximation to the stress-strain curve, are provided
on Lines 33-35, which must be repeated for each material used. (The number of materials is
specified as NUMAT on Line 27.) To assist in input of material properties, summaries of input
data for metals typically used in seat frames are presented in Appendix B.

Beam cross-sections can be either open or closed, but a plastic problem requires a closed cross-
section to generate all the terms required by the tangent stiffness matrix. If plastic deformation of
an open "I" is anticipated, the cross-section can be modeled as a closed "box" beam, which is
equivalent for one bending direction, provided that the erroneous properties for other bending
directions can be tolerated.

The NUMDS parameter on Line 27 specifies the number of nodes that are attached to the aircraft
structure. Then, floor attachment conditions are specified on Line 43, one of which must be
inserted for each of the NUMDS nodes. Element cross-sections are described by data on Lines 36
and 37, which must be repeated for each cross-section, the number of which is specified by
NSEC1" on Line 27.

Nodal coordinates are provided on Line 38, which is repeated for each node in the model
(NUMNP on Line 27) and for each beam pointer node (NCORD on Line 27). As illustrated in
Appendix A, the pointer node is required to specify the initial orientation of the y-axis of a beam
cross-section. A real node can be used as a pointer node, or (NCORD) additional nodes can be
added solely to serve as pointers.

Element data are provided on Line 30, which must be repeated for each element (NUMEl. on
Line 27). Data for each element incli.de identification of its end nodes, the pointer node that is
used to orient the cross section, the cross section, the material, and end release conditions.

@(



3.0 PR L UJ T_.•

Output data are available from the following four sources:

1. Printer (unit 6)

2. Occupant position plots (unit 14)

3. Seat structure plots (unit 20)

4. Plots of other data (unit 26)

which are described further in the following sections.

3.1 PRINTED OUTPUT

Printed data can be selected from the ten blocks listed in Section 2,1.4. The interval at which these
data are printed is selected in subroutine INPT, based on the total solution time. The interval is
sized to provide a maximum of 51 lines (approximately one page) for each variable. For examnrle,
a solution time between 0.100 and 0. 150 sec results in a print interval of 0.003 sec, a solution time
between 0.250 and 0.300 sec, an interval of 0.006 sec, etc.

Accelerations, severity indices, vertebral forces and moments, and restraint system forces are
printed in tabular and graphical formats. Other data are provided in tabular form only.
Acceleration output data are computed each 0.001 sec, equivalent to a I KHz sampling rate. Input
Line 4 provides the option of applying a Class 180 (300 Hz) or Class 60 (100 Hi,) !ilter to the data
prior to their printing.

3.2 OCCUPANT POSITIONQS .... ..!LQ .

If specified in input Line 4, data for up to eight plots of occupant posilion can be stored on external
file 14. The times for these plots are defined on input Line 7, along with viewing angles, which
are illustrated in Figure 5. The right-side view of Figure 6 was obtained using an angle of zero
degrees. The front view of Figure 7 was obtained using an angle of 90 degrees.

The IOUT(4) parameter on Line 4 can be used to draw the image of the seat in front of that being
mdxleled. A value of 0 causes no seat to be drawn. A value of i or 2, respectively, Droduces a
plot of the forward seat in its undeformed or deformed position and uses subroutine IMPACT for
prediction of contact with the forward seat. The seat iniage is spaced according to the SPITCH
parameter (Line 49).

The job control language used in executing SOM-LA/SOM-TA must define external file 14 as a
permanent file to be saved. The occupant plotting program can then be executed using this same
permanent file as input.

3.3 S ,Al ST__RUCT1.LRL[• E

Just as described in Section 3.2 for ocCcupant position, data for plots of the :ieat Sut U tire, can be
requested on line 27. As shown in Figure 8, nodes are indicated and ntm he•d. The viewel
position for the seat structure is defined by both elevation and azilvmh ag Is: and s,
respectively, as shown in Figure 9. The view of t igurV 8 wasW obtai ued with 0 20 dce,,rcs a

45 degrees

I(0

__________ ___________________ _________________________ _________________________



Y (loft)

I ""X (forward)

Viewing angle = aViewing

Position

Figure 5. Tlefinition of plot viewing angle.

The job control language must save external file 20 for subsequent use as input to the seat plotting
program.
3.4 D•_ DQ• _ ALr IL Lk.i_ lC i_

Although the printer plots of accelerations and forces ate probably satisfactory output for most
purposes, there may be cases where plots with a higher level of resolution are desired. AIso, pen-
drawn p~ots may be required for use in reports. To meet these needs, 32 variables are written on
external file 26 at 0.00!-sec intervals. The data are written in eioher FIO.3 or F!0.5 format and are
arranged as illustrated in Figure 10.

@i



PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.0000 SEC.
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME 0.0000O SEC.
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PROGRAM S,_OM-IA
TRANSPORT AIRCRAFT SEAT 4-

TIME = 0.0000 SEC.
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A• Viewing position

/ 1A 
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/ I/
/ I "" i

S/ / Center of the imaginary
/ workbox which encloses

the model

S=Azimuth angle in X-Y plane ih degrees (-180 _ 0•< +180')
Elevation anglo in degre)es (-90) S <! +90')
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L i n Fel~d EVana y If

I I F1O.5 Time (sec)
2 1710.5 Aircraft X-accci (G)
3 F1O.5 Aircraft Z-accel (G)
4 F10.5 Aircraft res. accel (G)
5 F10.5 Aircraft res. vei. (ft/sec)
6 F10.5 Aircraft res. displ. (in.)
7 F10.5 Seat X-accel (G)
8 F 10.5 Seat Z-accel (G)

2 9 F10.5 Hlead x-accel (G)
10 F10.5 lead z-accel (G)
11 F10.5 Head res. accel (G)
12 F10.5 Chest x-accel (G)
13 FIO.5 Chest z--accel (G)
14 FIO.5 Chest res. accel (G)
15 F 10.5 DRRI
16 F110.3 Seat cushion force (ib)

3 17 FlO 5 Pelvis x-accel (G)
18 FIO.5 Pelvis z-accel (G)
19 Fl 0.5 Pelvis rewý. accel (G)
20 F 10.3 l1umbar axial load (lb)
21 F10.3 l.urnbar y-moment (in.-Ib)
22 F 1 10.3 Neck axial load (lb)
23 F10.3 Neck- y moment (in-lh)
24 F! 0.3 Back cushion force (Ib)

4 25 [1 10.3 Right lap belt force (lh)
26 1:10.3 I.clft lap beh force Ob)
27 Fl I( 3 Right shoulderbe I1 rce (lh
28 F I(0 3 1 .Cft shoulder IbeIt for0c (',h)'
29 1 10.3 1 liergy absorber forcc (b)
30 [110.5 Seat displacement (in.)
31 F 10.3 iootrest X-forcc (1h)

Sl0lt). + l)[rest Z force (Oh)

*Replajced hy"cay c angulo" (iiri,)! • .'It Idc, 1(w cu'rgv mt r ,a ' odcl 'tith NS'A F , 1 d SI \ I M -o

k i 'trc I I, ) .i fa k~ri'lar ) I : r I\c Iz t- c



4.0 INSTRU CTINS EQR1II)IJ' PA1 RATIQM

This chapter is intended to guide program users throtigh an efficient process of' preparing input
data. The recommended procedure is slimmarized in Table 1. It is suggested that, if time permits,
one or more of the sampk: cases described in detail in Chapter 5 be nun initially in order to be
certain that the program runs properly on a particular computer system. Storage of piot dlata on
permanent files; and subsequent access of thes~e files using the related occupant and seat plot
programs should~ be attempted first with the sample cases to assure that the plotting programs are
compatible wid.t the computer system and that the job control language is structured properly.

________ , SJL MARY-QFJNlPU-TJDAITA ___ _____

1. On sketch of seat, locate aircraft floor and coordinate. system.

2. Locate restraint system anchor points.

3. Locate. footrst and/or heel position (at Z = 0).

4. Estimate initial position angles foi occupant upper torso, head, and arms.

5. P-repare input data for and run rigid seat case for short time.

6. Plot occupant initial position and check whether it appears reasonable.

7. Add seat structure input after Line 26.

A9h,8. Run short casw with complete input data.

9. Check plot of seat structure at initial time.

10. Run complete case.

The essential starting point for any simulation case is a sketch of the seat of interest, on which the
aircraft floor and aircraft coordinate axes can be located. On this sketch, the restraint system
anchor points, which can he fixed to eithe~r the, seat or the aircraft structure, can be located, -as can
the position of a footrest or pedal, if applicable. T"he required seat design data for a rigid scat case,
i.e., the locations and dimensions of the seat pan and hack, can then be determinied. Bloth die seat
cushion and back cushion are assumned to be plane surfaVc~es parallel to the scat pan and back
surfaces. Using anl averageCw..(.,;hion thickness in the area of contact between the Occupant and thle
seat, the cuishion surfaces can now be added to the sketch.

h.iticll angular positions Of thle torso, head, and ainn segni[nets ar, require~d. The torso segnients
can be assume11d lparalle~l to, or one or two degrees'C florWa rd of, the seat back. The position of, th1e
head, in a nornial s;eated position, would raln e from verti~cal to several. degrees froward of vertical,
as illustrated in the Section 5.0 sample ease~s.

In order' to be CC11tam1 th1t the, occupanMt Hinitil p)ositlion 5I re1asonablekJ for thle conlfigura~tlon being
Studied, it !s wise to ruln a1 Slim, vrigd sc;.d caseo prior tol addin), thc scat !structure inpul.S tarinur)
W.0 th aSmall VatUIC Otf'na hIn611C, T['Fo Olut [Ak , such WHO se l cC, thic illiti0 fOsitiomi anid
it.CVCeMerauomo of! IL (X('Cllftii segnients aind ifii cxtrrri ii oteCýS clan be checkecd plmi 1() initiatirc", a
loingerpltap Iuorc expensive caseX I)e pho datil sdon 11nit ]1 by, S( ANI 'IA cart !h("! he
i1,['1t to dic occulpanti plOt 1M)!Ogam a1 .nd the1 initia p)omt inl tif afl the 1cCupanlt seglllrits fvli-wed,



If the occupant's initial position, as calculated by subroutine INITIL, is geometrically impossible,
the program will be stopped and informative messages printed. An example of this type of error,
commonly encountered in initially running a case, is in attempting to locate the heel position4
beyond the reach of the legs. If the input parameters yield a geometrically feasible initial position
and NOPLT > 0 on Line 4 and TOPLT = 0 on Line 7, then data for a plot of the initial pcosition will
be stored.

Once the desired initial position has been achieved for the occupant, the input data for the finite
element seat structure model cai, be added. The NSEAT parameter on Line 3 should then be
changed from 0 to 1 to signify modeling a nonrigid seat. Once again, prior to running a complete
simulation, a case with a small TF should prabably be run in order to check the seat structure plot
at the initial time.

When it has been determined that both the occupant irnitial position and the seat structure
configuration are as desired, a complete simulation case cart be run.

o



5.0 aAPE' AIN AL-

Thin section contafns descriptions of input data for sample simulation cases. A simple airline seat
model with three occupants is used to illustrate program capabilities, including th1 preparation of
input data and output data available from the program.

A complete hinc-by-line input data listing is discussed in Section 5. 1. The contents of Appendix A
show explicit input requi.Ternents for this case. Particular features of different cases are discussed
in Sections 5.2 - 5.4.

5,1 ! .MLF1 _ A.L__ S._ASi K I R__L= LCLJAi T LIT! IN
AFIENI"•P1

: UDescriptive tiles.

Untl~q: NDIM = 2 for plane-motion simulation; IMAN = 1 for a standard 50th-
percentile (Part 572) dun'mmy; NSEAT = I for use of finite element seat model;
IRSYS = 0 for lap-beit-only restraint system configuration; IBUKL = 0 (used
to identify the nature of shoulder belt attachment to the lap belt if IRSYS > 0);
11-BLT = 1 for lap belt attachment to seat; ISHNS = 0 (used to specify whether
shovlder hamness is ittached to aircraf,' or seat Hf fRSYS > 0); NIMPT = 4 for
input of four points in time and acceleration (L'nes 21A-.21D) specifying a
trapezoidal pulse, shape; NUNIT I for English units; NOCC = 3 for three
occupwnts to be simnalated, ITYPE = 3 for a ti ree-occupant seat type; ISEAT(!)
,- 1, ISEAT(2) = 1 and !SEAT(3) =: 'to specify thavt all seat positions are
occupied.

LneA: YOUT(l) = I and iOu'T(2) = I request segment position ;ind velocity data;
IOIJT(3) = 2 requests occupant segment acceleration, filte:ed with class 180
digital filter;, IOUT(4) = 0 calls for no secondary impact simulation; IOUT(5)

. requests restraint systemi fo:ces; IOUT(6) = I requests spinal loads and
injury criteria; IOUT(7)= t requests seat external forces filtered with a class 6(1
digital filter; iOUT(8) 'A", JOUT(9) =- 1, and JOUT(l() = 1 request seat
structure deflection, support reactions, and beam ioads and stresses,
respectively; NOPI..J" = 8 for eight occupant-position plots; IPASS = 2 to
specify thai. the urtput data will be stored and priwed for the centet Occupant.

T'II . 0 and TF = 0.175 sec; DMAX and I)NIIJN set to )AX-X5 sec for fixed-time
s'tep integration; integration error bouwds, EUR, and ELR, set au 10 and O1
percent, respectively; initial time step size, DTI, is sanm as •2xed step size (If
DIMAX is not the same as DMIN, DTI should e•e set equal to I I'MIN).

CKPTIN = 0.025 for interval (in seconds) at which restart data are to be
written on urait 25.

lidZI7A.Z21: O)ccupant plot data :e:v to be wrnten on unit 14 at the times specified on these
ei gt iines. (Eight hin ts are required by input :0 NOPI 1'"= 8 on Lie 4,) Pl!ot
view iar a neles I(Jtp:l: 5) arr !i () deg: indicaw no gt-side view's.

•.5(t~ {:. ,;i d !cal. býý,"ttori cushion and (cciupal bum'lock>; force *,Clectiol
rcý:it.<:ssiip t:l tie toan I; 760 0 ( ) Is shown II igur. I I = ,
::'<ct'iciO.i'Vt i ) t zero h)i1 A .'A i( ckri ( t 1,S .n.w+i' i -j.cdý



4000 T Fil

3000

S 2000 -

0

I COF 
= 7 6 0 ( 0 o -1)

(approximation tor
dum my and cushion)

0 1 2 3 4

Deflection, -In.

Figure 11. Exponiential appiroximationi of force-deflection characteris tcs for
duimmy and 1.5 in. thick. cushion.

IJLLý': Seat back cushion prloperties wid, sarne IoL~d-deflection --uive as bottom
cushion.

Ljj&-to1 eadresi cushion: propertie~s with s;,me 1oad-deflec.ion curve as seat back )nd
scat bottom cushions.

Ljn-Lt: ibrcýýs and straiuis for 2.0-ii?. nylon we.'M)ng,

J~jrgLap 1:lt -)chr point coordinates for pa.ssenger No. 1.

14lrif -2 h Lap NcP anm.:hor pcint ccor(ifdintcs for passenger PNo. 2.

LiIUL~gc- 1-ao bell anchor 'ioint coorwdinates for padssenger No. 3.

Ul:1:Sh,,ier bel t fhcnv(e dcWIc i oifl ppcV ts(biw~k ný) k ed i~ is case because

!-R$ "SVS -0 oil 1i ne 3).

ij 4s\ 4.Jý-L" u iloude( ise arictor pcint, i:tI J KJ , and XT,-"/V f"')-i oc'C p ~n rS 1 ~~
ns.'i~c~i' Oflv balfl: - rt 1used Aiu tILý.e



Li••.5: Lap belt tiedown strap properties (blank - not used in this case).

Lin•_[eOACA : Tiedown strap anchor point coordinates for occupants 1, 2, and 3 (blank - not
used in this case).

Litiv-11: Restraint system damping coefficients and slack all zero.

Ljne_.!S COEFFS = 0.18 and COEFFR = 0.25, friction coefficients for seat cushion
and floor, respectively; XFR and ANGFR = 0.0 (used only if a footrest is to
ber modeled).

Lnre.j.2: Initial position of "aircraft" 0oordinate system in inertial system is assumed to
be (0.0, 0.0, 0.0) with yaw, pitch, and roll also zero.

Lm.: AMInitial velocity of "aircraft" coordinate system, 30 ft/sec in X-dir.ction.

Lj. A,•z•2 : Table of times and floor accelerations (X-component only, in this case). Four
lines are included for the trapezoidal pulse shown in Figure 12, as requircd by
ýýetting NIMPT : 4 on Line 3.

.0

.®.

0

5

0 0.05 0.1 0.15 0.2

Time -sec.



UutU22i: Initial position for passenger No. 1. GAM(l,1) and GAM(2,1) -16 degrees; AAW

GAM(3,1) = 7 degrees; GAM(4,1) = -16 degrees for upper arms; GAM(5,1)
-= 60 degrees at elbow; heels at 32 in. (these coordinates are illustrated in
Figure A-5); YPASS(1) = -20 in. for Y-coordinate of mid-plane for passenger
No, 1.

Line 22-2: Initial position for passenger 2. Same as line 22-1 except YPASS(2) = 0 in.

"Lin•,22-3: Initial position for passenger 3. Same as line 22-1 except YPASS(3) = 20 in.

Li.n L: The coordinate system was located under the rear edge of the seat pan, so that
XSEAT = 10 in.; the height of the seat pan is 12 in.; seat pan and back angles
are 8 and 16 degrees, respectively. Seat pan length and width are 15.15 in.
and 20 in. respectively. The height of the seat back is 39 in. (These
coordinates are illustrated in Figure A-8).

L'n.i. 4-2..: Blank due to use of finite element seat model (NSEAT = 1 on Line 3).

LinQ._•2 The finite element seat model is illustrated in Figure 13. NUMNP = 20 (real
nodes); NUMEL = 27; NUMAT = 2 for two materials; NUMDS = 4
(restrained nodes on the floor); NCORD = 2 (beam pointer nodes, numbered
21 and 22); and NSECT = 2 for two beam element cross sections; NSPLT = 8
for eight seat plots.

1, 2 .... 22 Node numbers

......;•...... Beam element numbers

F'igure 1 3. Sample case three- passernger se•at finite element ri•tlel.

14) T7



kjntg,2•: KNTRL(l) = 5 indicates that up to 5 iterations will be used at each time step.
KNTRL(2) = 5 indicates that 5 load increments will be used to enforce the
floor warping.

Lines29A2921: Seat plot data are to be written on unit 20 at the times sr,,ified on these eight
lines. (Eight lines are required by input of NSPLT = t, on Line 27.) All eight
plots are to be made with an elevation angle of +20 deg and an azimuth angle of
+ 45 deg, i.e., viewed from left-front quarter.

Lin•.03. : Nodal output data are requested for nodes 1 through 20, indicated in Figure 13.

L.ne 3.1: Beam loads and stress output data are requested for elements 1 through 27,
indicated on Figure 13.

Line,32: Seat structure output at intervals of 0.025 sec.

Lilies 33-35: There are two groups of material properties corresponding to NUMAT = 2.
Material type No. I is 2024-T4 aluminum; material No. 2 is 4130 steel.

Lines163-: There are two groups of cross-section properties (NSECT = 2), shown in
Figure 14. The circular tubing cross-section, defined first, is approximated by
eight segments; the square cross-sectior is made up of four segments. The
orientation of the cross section is specified by the beam pointer node, which
locates the beam y-axis (The beam coordinate system is illustrated in Figure A-
13).

Actual Cross-Section Mode! of Cross Seaffaim

0.5OD 0.083

Xh. 00.834
Type 1 Z

-0.589,0.589

0.083 -0.834,0.

0.593 .-0.593 0.593,0,593

0 065 1 .25 0.065 Z

-0.593.-0.593 -0 593,0.593

N~j., All Dimensions in inches.

[igti.c 14. l icne[In icro() -s• n t()n lI(dc lsXe fsc(l [01 sei StrrIcimr ' hcan) ticrlln)cne;

0



,,ilr Twenty-two lines of nodal coordinate (dita corTespon.ding to 20 real nodes
(NNODE = 20) and 2 pointer nodes (NUM.P = 2). Node point locations and
numbers are shown in Figure 13.

L•.n.9: Twenty-seven lines of bcam element dawa corresponding to NUMEL = 2'7.
Beam element connectivity anrd numbers are shown in Figure 13.

Ling 4. : Seat pan cushion load is distributed on nodes (5, 6, 13, 14) for the first (right)
"occupant, (6, 7, 14, 15) for the second (middle) occupant, and (7, 8, 15, 16)
"for the third (left) occupant. The order in which the seat pan nodes are
specified is shown in Figure A- 14.

Line 41: Back cushion load is distributed on nodes (5, 6, 17, 18) for the first (right)
occupant, (6, 7, 18, 19) for the second (middle) occupant, and (7, 8, 19, 20)
for the third (left) occupant. The order in which the seat back nodes are
specified is shown in Figure A-14.

Lne 42: Lap belt loads are applied at nodes (9, 10) for the first (right) occupant, (10,
11) for the second (middle) occupant, and (11, 12) for the third (left) occupant.
Three lines are used for the three passengers.

Liines 1-44: Five lines, which specify the constraint conditions at the bottom of the seat-leg
elements. For nodes 1, 2, 3, and 4 all forces and only moments in Z-direction
can be supported. In addition, node 2 is moved down in Z-direction by 0.5
in., corresponding to user-specified (pitch) floor warping condition.

A complete lisng of the input data for this sample case is presented in Figure 15. Examples of
plots geix:te ,.' this case are presented as Figures 16-18.

24



1 2 3 4 657(

1 ['8Kii, ;- PA , 1ENGE H •, UHRANSIO'M 'T A IRCRHAFT S F.A T 00 0 (0]00 C

SAMPLE CASE NO. 00(1)2000

2 1 0 0 L 0 4 1 1 1 0 1 0 003 0 00

1 1 2 0 1 L 2 ] 1 8 5 2 0 00004000

0.0 0.180 0,0005 0.0005 0.10 0.001 0.0005) 00005000

0.025 00006000

0,0 0.0 00007000

0.025 0.0 00007010

0.050 0.0 00007020

0.075 0.0 00007030

0.100 0.0 00007040

0.125 0.0 01007050

0.150 0 . 000071060

0.175 0,0 00007070

760. 0.50 2.40 1.50 00008000

760. 0.50 2.40 1.50 00009000

760 . 0.50 2.40 3.00 000 O1000

550. 1300. 2250. 0.0403 0.1048 0.1613 0. 00011000

12.5 -30.0 15.0 12.5 -10.0 15.0 00012000

12.5 -10.0 15.0 12.5 10.0 1.5.0 00022010

12.5 10.0 15.0 12.5 30.0 15.0 0001202

0. 00013000

0. 00014000

0, 00014010

0. 00014020

0. _00015003

0. 00016000

0, 00016010

0. 00016020

0. 0. 0001 000

0.18 0.25 0.0 0.0 00018000

0.00 0 .0 0.0 0.0 0.0 00019000

30. 0 0.0 0.0 0 0 0.0 0.0 00020000

0.0 0.0 0 0 0.0 0.0 O.0 0002100(0

0.ol0 -6.0 0.0 0.0 0.0 0o 0o021010

0. 155 -6.0 0.0 0(0 0.0 (.0 00021020

0.165 0.0 0,0 0.0 0.0 0.0 00021030

-16.0 -16 0(7,0 -16. 0 60.0 .32.0 -20.0 0002200G

-16.0 -16, 0 60 .- o. 6 0 0 12.10 0f.0 000i2 201(10

-- 16.0 - . 16.0 60 .(0 1., .1 21, ()1 0)()2 020.

1(.0 12 .(P 0.0 16. 1 1 20.0 0 " W(1(2 0(B

0 01'2 1 00,

0 U() r:,0 )rj

I .- ' 'I -( ,• ,. ]l

__it 1 i rIoip~ ~li't.•rs. pc•l,•

0'2



[ 2 3 4 8 1 7

0.0 45.0 20.0 L, 0002 9000

0.025 45.0 20.0 CO 00')29010

0.050 45. 0 203, ] 0 0002 4020

0,075 45.0 20.0 00029030

0,100 45.0 20.0 00029041

0.125 45.0 20.0 L 00029050

0.150 45.0 20.0 00029060

0.175 45,0 20.0 00029010

1 20 00030000

1 27 00031000

0.025 00032000

12024-T4 AL 00033000

2.588E-4 10.5E6 44000. 4.9F5 62000. 0.3 00034000

58000. 62000. 0,0 0.0 00035000

244130- STFEL 000330].0

7 .120E-4 29.086 163000. 6.CFb 180000. 0. '1 00034010

174000. 81000, 0.0 0.0 00035010

8 0 0.4347 0.3028 0.1514 0,1514 00036000

0.0 0'.834 0. 083 000"37000

-0.590 0.590 0.083 0003 701

-0.634 0.0 0.083 03)J31020

-0.590 -0.590 0.083 0003 10300

0.0 -0.834 0.083 0 00037(?040

0.590 --0.590 0.083 ((30037050

0.834 0.0 0.083 001 7 060

0.590 0.590 0.083 00037070

4 0 0.3081 0.1082 0.0723 0.G723 000 36100C

-0.593 0.593 0.065 000371O0

-0.593 -0.593 0.065 0 G 037 110

0.593 -0.b593 0.0(. _5__or 00037 20

0.593 0.593 0.065 0000 7 3(30

1 8.0 -10.0 0.0 9003' 10]0

2 25.0 10.0 ( 0 0 M00 1020

3 9.0 1( 0 0 000 03H030

4 25,0 10.0 0.0 00 (),0,U0W

5 103.30 -?0.0 10.0 13)3d100'

6 10.0 12 0 30(3 $il3 - 0f

7 10.0 10.0 37.0 1: 103

8 i 0. 0 30.0 2 ( 0 3 [ '
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME 0.1750 SEC.

figure li. sample case ( ýno 1, occupiant plot (side vic at tite . 175 srind



PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.1750 SEC.
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.1750 SEC.
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5.2 SAMIPL .GL. J,_IL . ..I IN_ QENERAL AVIATIONSEAT

Front and side views of the production Lez=ral aviation seat treated here as an example are shown
in Figure 1 9.. Note that the coordinate system has been placed on the floor at the centerline of the
seat far enough aft that all points on the seat will be t-ositive. Although this is not a requirement,
such location of the coordinate system does facilitate preparation of input data.

Pecause of the nonsymmetric restraint system, a three-dimensional occupant simulation is
requested by NDIM =: 3 on Line 3. As illustrated in Figure 20, the seat structure was modeled
using 28 nodes and 36 beam elements. The seat siructure is fabricated of 6061-T6 aluminum
alloy. The cross section of all beam eleiments is illustrated ih1 Figure 21 along with the rectangular
approximation utilized in the model. A listirg of input data is presented as Figure 22. Because
neither the lap belt nor the shoulder harness is attached to the seat, the restraint system nodes are
not required. The seat has one fore-ancd-aft adjustment locking pin at the left-front track
connection. The track connections are assuimed to consnain nodes 1, 2, and 15 against translation
in the Y and Z direction but leave them free in the other directions. Node 16, on the other hand,
where the adjustment locking pin is located, is constrained in all directions except Z rotations.
Some judgment is required as to the ability of the adjustment lockirg pin to resist rotations about
the X or Y axes.
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ACTUAL -APPR OXIMATE

z
0:156R. S 013

Z

O4(I

0,078 1.000 L •
Y

0.078R -/ 1 2
",- 0.50-si

NODE Y z

A =0.1940 in.2 1 -.0211 -0.461

I 0.02078 in.4 2 0.211 -0.461

z= 0.00672 ir. 4  3 0.211 0.461
4 = -0.211 0.461



1 23 46 18

NONAIW),.UTA8,, GENEPAL AVIATLION PI.O OT SEAT 0000t00C

SAMPLEF CASK NO. 2 00002000

3 1 1 2 1 0 0 16 A I I 1 0 0 00003000

1 1 2 0 1 1 2 1 1 1 8 5 A 00004000

0. 0.230 0.0005 0.0005 0.1 0 001 0.0005 0000500

0.025 00006000

0.0 0.0 00007000

0.040 0.0 00007010

0.080 0.0 00007020

0 .120 0.0 0000 7030

0.160 0.0 0000704

0.200 0.0 0000705(

0.220 0.0 00007060

0.240 0.0 0000,107

]97.2 0.70 0.8? 2.00 0000800C

197 2 0.70 0.87 2.00 0000900(

0.0 00 0.1o 0.0 0001000(

550. 1300. 2251. 0.0402 0.1048 0.1613 0001100c

7.50 -9.50 0.50 2.50 9.50 0.50 0001200C

550. 1300. 2250, 0.0403 0.1048 0.1613 0001300C

-16.0 15,75 '16.00 13.25 0.00 0101400C

0.0 0001500(

0.0 0001600C

0.0 0.0 O. 0 0.0 00017000

0.18 0.25 0.0 0.0 00018000

,00 0.0 0.0 0.0 0.0 0,0 00019000

50.0 0.0 0.3 0.0 0.0 0.0 00020000

0.0 0.0 00021000

0.0092 -0.109 00021010

0.0,262 -.8.93 00021020

0. 03 30 -10.9 00021030

0 .:1389 -11.9 0002104C

0(0420 -11.6 0002105C

-.0. 1")O) 2.4 0002106C

0, 0 71(, --12.2 0002107

S080H -10. 00021080

0.09 i.] 00021090

(1.1000 -).29 00C21100

01() , 14 -l1.6 00)12 1 !0

1 t592 .59 ______ __________ 00021121,

1 1 ~00 41 O )i l (
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1 2 3 4 0, /

-8.4 --8.4 0,0 -30 0 60.0 •31.0 0 .0 00022000

4.6"1 7.93 9.20 8.40 15.3(0 l').80 29.2 00023000

00024000

00025000

00026000

28 40 1 4 4 1 8 00027000

5 1 00028000

0,0 45.0 20.0 00029000

0.040 45.0 20.0 00029010

0,080 45.0 20.0 00029020

0.120 45.0 20.0 00029030

0.160 45 .0 20.0 00029040

0.200 45.0 20.0 0002905(0

0,220 45.0 20.0 00029060

0.240 45.0 20.0 00029070

1 28 0003000

1 36 00031000

0.025 00032000

16061-T6 AL 00033000

2.588E-4 10.0E6 36000. 1,0E6 45000. 0.3 0003400

42000. 18750. 0.0 0.0 00035000

4 0 0.1940 0.03452 0.02018 0.00672 00036010

-0.211. 0.461 0.078 00037010

-0.211 -0.461 0.078 00037020

0,211 -0.461 0.078 00037030

0.211 0.461 0. 078 00037040

1 8.0 -5.00 0.0 00038010

2 11. 9 -5.00 0.0 00038020

3 1/.0 -3.30 4.16 00038030

4 20.5 -o.00 4.2 9 00038040.

S 23.0 -3.30 10. 9 000 (3805(1

6 22.' --. 00 i0./ 000308060

! 1 .82, ) - 18.90 . / 000 •500 3) 0

/' 4, 5 -7,.30 1 3 . Q 00033/1' 3'

'3 ] .10 --, i 1' . H' 0 91 3'

((3 4 .'' /.3(;3.,C(0 3i H

L / . w k ,! 3 ) L I ' l 1 3v 11

",3 '.)( . '' 3 . " ,.3 33 3 , ;
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1 2 3 4 5 6 8

18 20.5 5.00 4.29 00038280

23.0 3.30 10.9 00038190

20 22.1 7.00 10.76 000382 Oo
21 15.82 7. 90 9.75 00033210

22 4 .15 7.90 11.3 ' 0038220

23 1.50 6.3.0 29.2 00038230

24 4.15 7.00 11.3 00038240

25 4.67 7.90 7.93 00038250

26 6.57 7.90 8.24 00038260

27 9.22 7.90 8.68 00038270

28 8.57 5.00 3.87 00038280

29 8.57 0.0 3.87 00030290

30 17.0 0.0 4.16 00038300

31 23.0 0.0 10.9 03038310

32 4.67 0. r) 7.93 00038320

1 1 14 0 ! 29 2 1 00039001

2 2 3 0 i 30 2 1 )0039002

3 14 3 0 1 29 2 1 0 00039003

4 3 4 0 1 30 2 1 0003900 6

5 4 5 0 1 31 2 1 00039005

6 5 6 0 1 31 2 1 0003900

7 6 7 0 1 31 2 1 00039007

7 13 0 1 31 2 1 00039008

9 12 13 0 1 32 2 1 00039009

10 3 7 0 1 30 2 1 0003901)

Ii 14 13 0 2 29 2 1 00039011.

12 14 12 0 1 29 2 1 00039012

13 8 10 0 1 32 2 1 000 300 000( 000 0003901

14 8 11 0 1 32 2 1 0 00039014

15 9 9 U- 1 2 2 2 0.0039019

16 15 28 0 ) 29 2 a 00079016

17 16 1 1 0 1 20 2 1 000 3903]

18 28 1 0 1 /9 200903 8

39 17 18 C ' 30 2 i 0003903

20 18 19 ' 7 3) ON ) ý90

21 19 2 0 1 2 0 3', ) 1 '0 1
22 20 21 0 Qf0() 1 02

23 23 2 ! , i I 00'( '0'•O.;:

24 21, 2' 1 ] 1 , '4

2128 ~21 ,' 0

2/ 2P .21 _ _ _ _ ,

-00
'1' .'.1 .

S - -- , .-= : = i,• i '. " • • ••,_ , "•••'••••!"•• • '',%:•','• • • • •'{t.,'' l.% " m, . ,• . ._F -



1 2 3 4 5 _ _ _ _"7

22 25 0 1 32 2 ] 000339021

30 23 22 0 :32 2 1 000:39030

11 5 19 0 1 32 2 ] 00039031

3 32 26 0 1 3. 2 1 0,1039032

33 9 23 0 1 32 2 [ 00039033

3, 10 24 0 7. 32 2 ] 00039034

35 12 10 0 32 2 ] 00039035

36 26 24 0 1 32 2 1]. 000390 26

37 IA 12 0 1 32 2 ] 00039037

38 25 26 0 1 32 2 1 00039038

39 10 13 0 1 d2 2 1 0003903

40 24 27 0 1 32 2 1 0003904(

12 26 5 19 00040000

10 24 9 23 0004100(

0 0004200C

I I _ilOl 00043000

21. 11103 00043010

151 11101 00043020

16;? 1: o. 1o 1 00043030

Figure 22 (contd). Input data listing, case no. 2.
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5.3 SO. 3: _ENEIRC;_Y_----- R L _

A production energy-absorbing helicopter seat was tested at CAMI. The test configuration is
illustrated in Figure 23. A complete listing of input data is presented as Figure 24.

Headrest properties are provided on Line 10. In addition to lap belt and shoulder belt properties
and locations on Lines 11-14, the lap belt tiedown strap of the five-point restraint system is
described on Lines 15 and 16. The webbing is a low-deflection polyester type, whose load-
elongation properties; amc illustratcd in Figure B-5. The five-point restraint system is indicated by
IRSYS = 4 on Line 3.

As shown in Figure 23, the seat was rotated on the horizontal sled in order to simulate a near-
vertical impact. The input acceleration is input in both X- and Z-components, on Lines 21A-21H.
The pitch of -73 degrees is entered on Line 19.

Energy absorber data are entered on Line 25. The load-stroke characteristics for the seat are
illustrated in Figure 25. The guide tubes shown in Figure 23 are oriented 4 degrees from the Z-
axis, and this angle is input on Line 24, along with the movable seat weight of 60.6 lb. It is this
nonzero seat weight that causes the stroking seat model to be used.

Line 24 includes the unloading slope of 4308 lb/in, and the damping coefficient of 0.55 lb-sec/in.,
which was determined by matching the measured energy absorber force-time history, A moment
of inertia of 148 lb-in.-secxm with respect to the aircraft coordinate system was estimated for the
seat. Rotational stiffness parameters on Line 26 were estimated from static tests of the seat.
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S]2 3 1 5 67

CAMI TET A81-].24 (IINERGY-ABSORBINGC HIEO(COPTER CREWSEAT) 0000100C

,'14 FT/S, 42 7 ')LED TE0T WITH 73-DEC PITCH 00002000

2 3 0 4 0 1 1 16 1 1 1 I 0 0 00003000

1 2 0 1 1 3 0 0 0 8 1 i 00004000

, 0.250 0.001 0.00] 0.1 0.001 0,001 00005000

0.025 ___ 00006000

0.0 0.0 00]007000

0.025 0.0 0000701.C

0.050 0.0 00007020

0.075 0.0 00007030

0.100 0.0 00007040

0.125 0.0 00007050

0.150 0.0 00007060

0.175 0.0 ____00oooo0ot

760. 0.50 2.40 2.5 00008000

760. 0.50 2.40 1.5 0000900C

1000. 0.216 2.40 1.0 0001000C

1820. 5000. 10000. 0.0080 0.0520 0.0900 0001100C

3.6 -9.0 13.1 6 9.0 13.1 00012000

910. 2500. 5000. 0.0080 0.0520 0.0900 00013000

-6.02 0.0 36.2 12.0 5.0 0001400 0 ,

1000. 1570. 5000. 0.0133 0.0467 0.1112 0001b00(

13.18 0.0 1.0.2 0001.6000

0,0 0.0 00017000

0.30 0.35 0,0 0.0 0005__ 800C

0.0 0.0 0.0 0.0 -73.0 0.0 1001900

12.72 0.0 -41 60 0 0 0.0 0.0 0j02000

.0.0 0.0 0.0 0002100C

0.0055 -0.811 0o0 2. /b 0002101

0.0085 -1.6S 0(.0 "_ _00',02 1 02C

0,0130 -3.22 0,0 10 .53 0002103C

0.01L 32 .) 14 .1 000

0. 02() -7.33 0.0 23 .93 o002]0l[

0.0280 8. 12 0.0 20.23 00___106_ _

0 .0315 -9.25 0.0 -W . __ h __0__.__ _ __

0 0382 -1 .21 0.0 )0.,8 0 0 1080

U. 0440 11. /2 0.0 13,) 0002i0'O

0' 0180 12.1 1 8' 3J) 0 2 00

0r,('1 - I 'S 0.0 II.,'![ (::

P( P'.05 ( -1(.?!: 0I.0 I .5 [)' :I0). '): 1, t 1 ( . W ) C, 0/.: • :).
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1 2 3 4 5 6 8

1 .85 8. 35 11.3 13.3 16.5 18.0 00022001

4. 6 6.55 6.33 4.72 6.26 8 35 10 96 00022002

34.60 35.97 12.08 4.85 4.85 2 . /0 9, 49 00022003

2.32 2.18 0.215 0.132 0.011 0.127 0.92P 00022004

0.76 0.93 0.284 0.135 0.181) 1.22 0.994 00022005

2.32 1.70 0.233 0.022 0.19"5 0.6/3 0.505 00022000

4.50 4.50 3.44 1.95 1.85 3.10 2.30 00022007

2.30 1.60 3,56 2.61 1 .85 2.34 00022008

3.70 6.34 0.20 0.20 2.00 00022009

2000. 0.050 2000. 0.380 00022 010

6000. 0.238 1.00 3240. 0.270 1.00 00022011

375.0 1.49 150.0 375.0 1.49 30.0 00022012

0.0 7,50 3.00 13.0 16.0 18.0 4 C.5 00023000

60.6 4.0 4308. 0.55 148.0 3470000. 2000. 00024000

2585. 2585. 2585. 0.6 16.0 20.0 00025000

15510. 156350. 215160. 0.0156 0.0562 0M0885 00026000

Figure 24 (contd). Liating of input data, case ao. 3.
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Figure 25. Energy absorber load-stroke characteristics

5.4 S A M jP L CASE NO.4: _iFAT BACK CQNi ACI

This example simulates one o -a series of tests conducted mt the FAA Civil Aeroinedical Institute
(CAMI), in which two rows of seats werc installetd on the deceleration sled. Th! is test conidition
was intended primarily to observe tile infltuence of aft- seated passengers oti scat inading (Ret. 5).
'lite first test conditions simulated are those of test A87- 040, for which the sca?!; were instal led at a
row pitch of 30 in. (SPITCl -- 30.() on Line 49), and the scat back mov'en tent MI the fikuward scat
was unrestricted. The "breakover" momncrit, which would resist the scat b ick's rotatioln, was set iII
the simulation at (0) I-ft, the approximate lower end of the range nmcas uicd by (ANIl during their
test p,,gram. litc sled decelcratiOn that was Measured i0 the tust was digiti ed md ap1 lied as inlput
1o the mtl; the digi!tizd pulse is shown i,11 l:gur 2(. A se riCs of occupant plotst, 1110t1S ,Wit.c the

eWat [n k rotatioln is included as lligurt 27, and a cominletc, listing iM :igmuc 28.

4•
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Figure 26. Test sled acceleration, test A87040.
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___2 3 ,_ 5 6 1

CAMI TEST A87040 (15-G, TWO SEAT ROWS_ 00901o00

RESTRICTED SEAT 2ACK BiRFAKOVER, 30-.N. ROW PIYCO 00002000

2 1 0 0 0 - 1 _ 0 16 1 3 1 1 1 0000]3000
] 1 2 1 1 1 2 0 0 0 _ 8 2 00004000

0.0 0.300 0,0005 0.0005 10 0 001 0.0005* 00005000

0.05 00006000

0.0 0.0 0000700/1

0.04C 0.0 000070101

0.080 0 0 00007020

0.120 0.0 ('00007030

0.160 0.0 00007040

0.200 0.0 00007050

0,240 0.0 00007060

0.280 0.0 000070'A

21.6.0 2.04 1 .20 4 0 0C00803C

216.0 2.04 1 .20 4 .0 0r. ))09000

216.0 2. 04 1',20 F.' ,3 _ 00010000

550. 1300. 2250. 0.0403 C.104 8 0,E1 (]3 0. 00011000

5.0 -27.0 14 .5 5.C -9.0 14.5 0C01200C

5.0 -9.0 ! .5 5.0 9.0 14.5 0001201

5.0 ).0 11.5 14.5 27.0 2.4.5 0001202(

0.0 O0014OOC

0.0 0001400CO , 0.0('00 14010

_ _0._ 00014020

_ _ _. 0 0001500C

0. 0 0001600(

0.0 0001 60? c

0o o0001602(0

0o.1 0. 0 00017000
0.18 0.:' 5 0,~ ~ 0001 800C,

0-) 0.0 0.0 0.0 0 '1 0.0 u00'•q000

44.2 O.C 0.0 L o0. 0'-., 0020000
0.0 0o. o 0021_o

,'1 0! 18 0 20002 10]1

r•2 ,i -2 _________'00202 ( 3,]•
. 0..1 i 000, 11(]

6 64 1030,042 .0 4 ' 0002104.0

O44 00/ "0

Fi<'mc ~ ~ o 11-ii:l tliput dvm a•;' W".L 4
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_ _ 1. 2 .1 4 5 6

0,1009 --1. 2.3 0___ 0 0021 19

0 1055 -15.2 3 00021 111
0 .117. -9.46 ____100021120

0 . 1564 --6.69 000211 30

017 1 P 2,54 00021 140j

01.1800 0.00 ___ 0002 150

-13,.0 -131.0 10.0 41. A8. 0 2B. 0 --18.0 00022ý000

--13 .0 -13.0 10.0 -18.0 '2 , In80 0.0 00022010

J. -13.0 10.0 -F3.0 48.0 208.0 18.0 00022020

2.2 11 .__ 5.00 13 .0 20 .0 18.(0 4 6 .0 00023000

__________ _______________ _________0002 4 000

_____________________________________ ______00025000

________ __________________________________0002 6000,

14 .0 1.0 10.0 22 .0 3.0 20 16.0 00045000

'760.0 0.68 3.0 _ __ __ 0004600

760.0 1 .0 2A .__41 0004700CI

76 0 .0 1.0 2.4 0_____ 0 01 4 oi700
10.0 80 . 30.0 0 0F04 1

720.0 720.0 3600 0 0.0349 -1.24 1.623 0005c,00

Figure 28 'contd). Listing of input data, case itc. .4.
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4. "1'(0. Floll kb si and1( Dl). . L~aananien, ('tp.trj/d~nua I ran spurt Aircraft. Scal and
~1I I rl~ !li'IP)'U'lt oi4lI Iý - P'rog.rami SO, 'N-TA UI'srr M'aniwl, I )O'/IAA/('T-

M1?"il edl.Trd Aviaionch Administration 1'cchruical (Ceihr. AtIIa~tic C~ity Airport, NemvJeey
Auu zst I 1)6.

Imtiti d. rIm A\ Lt1wm 1mmIst1r~r ) ~om ( 'Itv, ( )ki ))11iiI)l-



APPENDIX A

INPUTDI>TA REQUIREMENTrS

fi) tl-is Apinslix, a linc,--hv yine d.,scription, of the input data required by Programi SOM-L/4/SCM 0-
TA fov xne no. I, dJescribed in section 5.;, ýs prewnend. Aks describek( !if S(L11OI) ', tbel'e J7
also a nun~iber & 'optional fincs of data, s~cf am Line~s 22A through 2.2L, which wre ustd. oly fi)ra
ions-tandatd xccupart. ThLI., xrc inciujed fo!L:,lik. ffin~e Lin-- 22 input. beginning on, v- A--'),'
Line~s 24 throug~h 26 fof t1~igv absv.'ný wi;Sewi .{ ýoa are. not uisu1 in exkample nio. I Fand are,

erfbm~, blarvic An ex Ot of Ov.h- i e. cit. t~ eouuci.i c.;~n ~ ho 3,d1rb~ nsc.io
Daita for ithe iirritec i'emet rni od-.7 bevns wav ii Ine -27, which flowo.s page A-557,

IInput data Fw t)oiu -up.ic .~ n~nql :he seat (,,ks in front of t. :n us~iJ in
example tic. .4, t--.g.in ii page A-. foiif wmq 6-ie in1 ut t. 4cxawmpie aO. 1,



,IN._E . LIAND2: Case Identification

DILý$.JR.if1_!4: Title of case on two lines.

_ ___ 3 7~31345679 JIA)Lý12 57912
_ _NAME2

T_1__ I.REE-PASSENGER TRANSPORT AIRCR~AF\T SEAT
SAMPLE CASE NO. I

NAMRE1 7A10 Alphanumeric tide of case to be cemeied at top of p-rinted output and
plots.

NAME2 7A 10 Se-ond line of alphanumeric data.

SW•J~nW



LI I: Case Control Parameters

DEQfa!QCjflQ: Type of case, type of seat, and occupant locations.

LRMAL AN XAMPLIE:

[ ~ ~ ~ ~ ~ 4 57

fND1M TIMAN 1NiSFJiA1 IRSYS NIMPT, 1UI O(1IYP S ISEAT ISEAT

I 1 0 1

M ý JP FERMAI MCMQNIT

NDIM 15 Defintion of occupant degrees of freedom
NDLM =2: Two-dimensional (plane motion) simulation
NDIM = 3: Three-dimensional simulation (default).

IMAN 15 Identification of ocxcupant
IMAN = 0: Standard 50th-petwendile male human
IMAN = 1 : Standard 50th-perce:,tile (Part 572) dummy
[MAN = 2: Nonstandard human
IMAN = 3: Nonstandard dummy.

NSEAT 15 Seat model
NSEAT =0: Rigid seat model
NSEAT = 1: Finite element seat model.

IRSYS 15 Restraint system configuration
IRSYS =0: Lap beltonly
IRSYS = 1: Diagonal she, der belt over right shoulder
IRSYS = 2: Diagonal shoulder belt over left shoulder
IRSYS = 3: Double shoulder belt.

IBUKI. 15 Buck!e connection type Fee figure A- 1).

1-L-A I5 Lap belt attachment
ILBLT = 0: Attached to aiifrane
[LBLT = I Attached to seat.

-ISHNS 15 Shoulder harness attachment
ISUNS =( : Attached to aifrarne
ISI-INS = Attached to seat.

NiMPT 15 Number of noints in table of aircraft acceleration vs. time
(aetermines number of Line 21 inputs required, a maximum of 40).

N U ! N IT' 15 S yst,,:lrn of unit!;
NUNIT: 0 SI tunits
lý4.JNII - I English 1nrs,

I 1\iNumiL c' of i'K; para! tO th: r(.CIeCld.

A



"ITYPE 15 Seat type in terms of occupant positions
ITYPE = I : Single seat
ITYPE = 2: Two-passenger sevi
ITYPE = 3 : Three-passenger seat.

ISEAT 315 Locations of occupants, specifying whether a given seat position is
occupied (1) or empty (0)

ISEAT(1) : Right-most position
ISEAT(2): Center position for three-passenger seat, left

position for two-passenger seat
ISEAT(3): Left position for thre-e-passenger seat.

101



IBUKL =1 IBUKL =2 IBUKL =3

BLJKL=0

1 = Shoulder belt fixed to buckle
2 = Shoulder belt and one side of lap

belt are one length of webbing
3 =Shoulder belt and lap belt attached

to fixed point

NOTE: BUKL. parameter is defined on lines 14A, 1413, and 14C.

Eigitre A -1 Types of bu~ckle connfectionls specified' by JI3UKI, on line 3.

A 5'



LINEA: Output Selection

DESCR!PTI__N: Definition of output data to be stored for printing and nunib,,r of plots.

FQ MI~AT AN XAMELLW

1234567890 12345i97W 1IT-ST6-77812, <4 12 A 013450/ 00
Tri 3568 2 3 4S 6 7 8 9012(9J.10Ul9 NOl

ELD FMRMAT CQN1TMN_.

IOUT 1015 Vector of O's, l's, 2's and 3's indicating which output data are to be
printed (1, 2, or 3) or not printed (0)

IOUT(1)• Occupant segment position
IOUT(2': Occupant segment velocity
IOUtI(3): Occupant- segment acceleration( I)
IOUT(4): Secondary impact prediction(2)
IOUT(5): Restraint system forces
IOur(6): Injury criteria
101.JT(7): Seat external loads (cushions, floor) (1)
IOUT(8): Seat structure deflections(3)
IOUT(9): Seat structure support reactions
IOUT(10): Stresses in seat structure beam elements(4).

NOPLr 15 Number of requested occupant position plots (up to 20).

(Determines number of Line 7 inputs to be included.)

IITRMIX 15 Number of iterations in initially seating occupant(s). (Default - 5.)

IPASS 15 Identification of occupant for which output data (position, velocity,
acceleration, belt loads, etc.) are, stored and printed

IPASS = 1 : Right-most passenger
IPASS = 2: Center position for three-passenger seat or

left position for two-passenger seat
IPASS = 3: Left position for three-passenger seat.

'[he example specifies a three-passenger seat which is fully occupied. Output data are stored and
printed for the centcr passenger.

(1) For IOUT(3) and 10.JT(7), an input value of I results in unfiltered outpul. A valve of 2 or 3 results in

application of a class 18) (3W0) 1z) or class 0(0 (1(X) Wli,) filter, respe..:tively.
(2 ) IOUT(4) = 0: No secondary imtpact prediction and the forward seat is not p)olted.

I()01(4) I ' Subrou tinC TM A('T is cilled fi•r piedictioll Cf wontact with tho seat hack an I ;ld ii
phts'show Ule lomwIrd seat in ii s linde.1')01-Ie'd posi)iOn.C

i()UT(4) 2: Siih[CtitiiC 1MP,'Ti i; Clilled for Vprcdie tii Ot C'01 IcitiJ withl .tue seai k and 1C'LCL(,!i

ploti show he I forward scal a tiokhri natvI as 01at ki tfi'h seat bCC ig uitodelhd.

(1) If (. )UT(8) . 1, daita on l ie it() wili ke used tG, 'ech. the 11 Co ,dc- for "ttC'5 oulpilC d&fIh'll ,n l i llljn. A L
( 4 H IOI T I(I M ) (! . ItI on i f i) 31 will tW iu,-Cd t') ýC S ccl the k amil chnclurs 1)r tIress CoiCpui.

A



LNLE.: Simulation Control Data

E ,0.: Parameters for control of solution duration, step size, and error bounds.

FOQRMAT NDEXMPE,:~
. ..13I 4 51

1249 234567 19 - 56780 12345678.0112345"67890[ 1234'57•"' 35978- Mt

BUED FORMAT CONTENTS

T1 F10.0 Initial solution tire in seconds. Normally taken as 0.

TF F10.0 Final solution time in seconds.

DMAX F1O.0 Maximum step size. A value of 0.001 sec has been used
successfully.

DMIN F10.0 Minimum step size. A value as large as 0.001 sec has beer, used
successfully, but the use of very stiff' restraint system webbing or
seat cushions may require a smaller value, such as 0.00001. The
solution can be accomplished with a fixed step size by setting DMIN
=DMAX.

O EUR Fl0.0 Maximum bound on error between predictor and corrector. A value
of 0.05 to 0.10 is suggested, corresponding to a range of 5 io 10
percent. If the error in any variable is larger than this value, the step
size is halved, maintaining solution accuracy.

ELR F 10.0 Lower bound on error between predic or and corrector. A value of
0.001 is suggested, corresponding to G.1 percent. If the error in all
variables is smaller than this value, the step size is doubled,
preventing the computer execution cost from becoming excessively
high.

Note: Becaiuse doubling the s:ep size multiplies the truncation error
in the Adams-Moulton integrator by a factor of 25, ELR should be
chosen less then EUR/32 if the advantages of doubling are not to be
short-lived.

DTI F 10.0 Initial step size, normally set equal to DMIN.

0
A 7

m i l~••lvI' T I- ,, , 1• :r •''• •• '- '•ln• -' ,,• •l' ,,, - ,,,,'np _ w 1'



jLNLLj: Restart Data Interval

liE_•RIQN: Tile interval at which data are to be written on unit 25 for potential use in
s,ibsequently restarting solution.

FRRAIAND EXAMPLE:

1- 5 _ 7
123456789 1234567891235T8 4 12345678.-0 12345678907 11235

CKPT IN ___________ __

0.02.51

FIELD FORMAT CONTENTS

CKiPIN F10.0 Time interval in seconds.

_,-NW'



LE2=: Occupant Plot Times and Viewing Angles (number of lines requrid = NOPLT on Line 4)

Times when occupant plot data are to be stored on unit 14, which must be
saved as a permanent file for subsequent plotting. Viewing angles
corresponding to times are measured in degrees in the horizontal plane, as
illustrated in Figure A-2. An angle of 0 degrees results in a right-side view;
90 degrees, a front view; and 180 degrees, a left-side view.

T-2T4:6_7 890f 4567 2123 456789 C. 123458 1.234567890
--- __PL- -_-_UG.0 0.6
" 0.025 )0

S0.125 '_0._

TOPLT F I0.0 Plot tine (sec).

ANGVU FI0.0 Occupant viewing angles (deg).

A I

in n u m n



Y (left)

X (forward)

/

/Viewing Viewing angle (x

Position

•"ig u *•:: '\ •' |)•. i ki• t t• •'.tljO'L i • • • v t ; v ; r , l



LINEa: Combined Sea, -;•hion and Occupant Buttocks Properties

SE: Force-.deflection characteristics and damping for seat cushion and buttocks
combined; thickness for seat bottom cushion. The force, F, is computed
from total deflection, 8, according to F = C(eBs - 1).

FORMAT AND EXAMPLE:

1 4 7
1234567890 1234567890 1234567890 1234567890 123456789 T 23456789, 58

CSC BSC DPSC THSCE ]
760. 0.50 2.4 1.50 _

FIELD FORMAL3 C__T W__

k,'0 FlO.0 CcQ, f ient C J "we equation (lb).

,sC '00 C,,f cie. B i, -ve equation (in.- 1 ).

DI'SC ,.0 D_ ,ing aoe? .. t zero hlad (lb , in.)

TI.HSCF FIO.0 Uinw:ade .hi "s ;fcuzik n6. , mttocks (in.)

h hDU~



LLSU: Back Cushion Properties

Q: Force-deflection characteristics, damping, and thickness for back cushion.
These characteristics should be measured using an indentet with the form of
the occupant torso. If a dummy torso is used in measurement, the
deflection should be based on the .hest accelerometer location. The force,
F, is computed from cushion deflection, 8, according to F = C(eB6  i).

FQRMAT AND EXAMPLE:

2 41 5 ..... -71
4567 9--- 1-"3"7 -9 1234567 12345679 12-4567890 1•23456780 2345678 0
CBC BBC DPBC THBCE

760. 0,50 240 1.50

CBC F 10.0 Coefficient C in above equation (b).

BBC F110.0 Coefficient B in above equation (in.l).

DPBC F1O.0 Damping coefficient at ze:ro load (lb-secfin.)

THBCE FI0MG Unloaded thickness of cushion in center of seat back (in.).

A I.



Lj~J~9 1Headrest Cashion Properties

I2~~8lU~Q~ Iorc~-1deflection characterisdics, damrping, atu; thckness for hetadrest
cushioiý. The measuzn-.ert should he nud1e using a headfor-mn. The force,
17, is r-ow~puted -Irom cushion deflection, 8, according to F - (B -. ]V ýf
CHR z-0 (or blaiik), the headrest is omitted ftrom thk wat contiguratson.

CHR F OP Coeffkient C in a~iove t-4uation (1b).

BHR F1O.0 Coeffic.-ent J31,n above equaticn (i-n. )

DPMF1O.G Damping coefficient (Ib-sechn.).

TilR-RE F10.0 Unloa~ed thickness of cushion behin.d head (ja).



LNL-..1: Lap Belt Properties

LU~RTJQ ables of forces and deflections de-fine '1n appr'ýximlati oil to force-01eflectiol'
curve by dhree lirleaf segments, iis illuaaratte.A In !~gr.A-3. 'I ',e force ?lmd
deflection at point I re. assui ed-. to be, xzro.

1""_ID467 7 MW74PT TM7 RI4 -1~? 7357 34- 6 7780,

FFLB( Ti1)L13J B)I(4) (

FIRiD FORMAT LSTN~

FFLB 3F10 Forces (1b).

DDLB 3F10.0 Stains corms~ionaing to forcees( ')



F F!. B(4, (D4,F4)

FFL.B(3) (D3, F3) I

FLB (2) (D2,F2)

DDLB"2) DDLF3(3) DDLB(4)

rotF3rmation

F2lýIlrc.' A- Fortc-de(I -ti wl t~) ll)dv for rcstri w'1 '~~f vhbIi p.



L1NE.2A, Lap Belt Anchor Points and 'Footrest, Paswnrger No. I k

PES~IP'f~~: Coordinate2s of right anid left lap belt anichor poinfts iiiý ilirc.~af coordina.
system.

12,44346- 1234 5 6 9T 1 T9 7 7i 5T24 ?3567~ 81 134678(44f

12.51 -301.. 5-7 1. ___ _

UIEUŽ [QNI QNThT

XLB(1,l) 3F 10.0 Co.,ordinates of right-hand lap bell, anchoi p,ýint in afirrcraft coc'rdinat'e
YLB(IJi) systemn (in.)
ZLE(I,1)

XLB(2,1) 3F10.0 C4oordinatps of Jt~ft-hand lap b~t ar~chor poini: in aircraft coordikiate
YUS(2,I1) system (in.).
ZLB(2, 1)

AAM



ULN ),'ji2: LaV IBeh Ar~chor Yincrtsan(L )ootimst, senger N.2

CDoruP:i;.Mb (if -i&h and ef, 1~ap belt anchor poinv; in uin.~raft coo~rdinate
sVsr

XJB(1,2) 3 F10C.O 0 o'ordinatles of right-Lar~r lap be~it anchor point ."n aircraft coordinawe

ZLI3(I ,2)

X-LB(2,2) 3F1(O Coo:--4iiiat,' f~ left-hand lap belt anchor pchint in aircraft coordinate
YL13(2,2) sysiern (in.\.
Z L B ( 2,2



L,.NL., ,2._C: Lap Belt Anchor Points and Footrest, Passenger No. 3 *

UIMM!"JON: Coordinates of right and left lap belt anchor points in aircraft coordinate
system.

[QMAT AN_.FXAMP_.

S2123456790 1234567890 123456789 1234567890
XLB(1,3) YLB(!,3) I Z_,B(1,3) XLB(2,3) 'YLB23) L-(2,3) (1 '2.5 10.0_1 15.(0 12.5 30.0S 15.q

L FORMAT CQNTENTS

XLB(1,3) 3F10.0 Coordinates of fight-hand ;ap beit anchor point in aircraft coordinate
YLB(1,3) system (in.).
ZLB(1,3)

XLB(2,3) 3F!0.0 Coordinates of left-hand lap belt anchor point in aircraft coordinate
YLB(2,3) system (in.).
ZLB(2,3)

11Included onely it I'VTN TF 3 ýId IS IT ( I,'\lt w; ) I III(, ia

'A IlX



S LINE 13: Shoulder Belt Properties (used only if IRSYS > 0)*

DL,•.iPTIQ.: Tables of forces and deflections define an approximation to force-deflection
curve by three linear segments, as illustrated in Figure A-3. The force and
deflection at point 1 are assumed to be zero.

123467890 251345678R-O1 895707
FFSH(2) )FTH( S H (4)-DDSH(2) DTDS- 3Dt-i 7 3(4

UEW. EQEMA C,_Qt£IF

FFSH 3F10.0 Forces (lb).

DDSH 3F10.0 Strain corresponding to forces (in./in.).

A Not t Illet in s~tjpc cas tc, ft-,•t bl ik,

A 1()



L(N 14A. .41..L4L'. : Shoulder i1elt Anchor Poinis (used only if IRSYS > 0)

1LESCRI lI'ON: Coordinates of shoulder belt anchor point in aircraft coordinate system.

FORQMAT AND EXAMPLE:

--1 -2 3 4 5
-121 457o7890 1234567890 123456770 )() ,7 23 45678% 1234567890

XSH(I) J YSH(1) ZSH(I) BUKL(l) XTRAL(1)
XSH(2) "( SH(3- BUKL(2) X'TRAL,(2)
XSH(3) I YSIH(3) ZSH(3) BUKl•(3) X"'RAL(3)

FIELD FORMAT CONTENTS

XSH(1) 3F10.O Coordinates of shoulder belt anchor point in aircraft coordinate
YSH(1) system, or point from which belt passes to shoulder in a straight
ZSH(1) line.

BUKL F10M0 Length of lap belt webbing attached to buckle, as illustrated in
Figure A-!.

XTRAL F10.0 Length of shoulder strap beyond (XSH, YSH, ZSH) if strap is not
in straight line from anchor point to shoulder, as shown in Figure A-
4 (riot used if IRSYS = 0).

Lines 14B and 14C repeat Line 14A for passengers 2 and 3; they are included only if NOCC>I.

" Not uscd HIn:"'Impir. ,' t!Il•CIýJ wý ,, h!.ul,mk,



0a

XSH(1), YSH(1), ZSH(1)

liguir AA \!R\I, dlniei onl.-ýH for ,;n uldcr Io.(-,t on~ 111 14

AOL*7~



ULALIj': Tiedown Strap Properties (used, only if IRSYS 4) 4)

PUU2-CRf-LQN;: Table of forces and deflections dtie an proimation to force-dfl~ect~on
curve, by three linear segnien~s, its ilutae *in Figure A-3. The foreC did,
dehiectori at point I are assumexd to be zero.

1 .74567890 iT -57i3O 90 I14T679 1234567890) 123456789(0 134567890) 1234567890
FF D(77) 7FfTDY-1(3) FFTD(4) DITID(2) -DDTD(3) IU)DT(4)

EJL1JD FOMýAT "ONTENTS

FF171) 3F10.0 Forces (1b).

DD'ID 3F10.0 Strain corresponding to forces (in./in.).

Ný11~: O'>d f



SLIF _d.jh_: Tiedown Smap Anchor Points (used only if IRSYS = 4)*

12A'fl•IlYMN: C,,rdinates of lap belt tiedown strap anchor points in aircraft coordinate
system.

" J1 -Y7W 7• "47 1234567041 3435678S90
---J b( - AD(1) ZTD(')__

-XTSW Yr(3 -•2- 7 fl_- V _______ _

BWELD FORMAT CONTE jNi

XTL<1) 3F!0.0 Coordinates of right-hand lap belt anchor point in aircraft coordinate
VT'D(1) system (in-).

Lines 16B and 16C repeat Line 16A for passengers 2 and 3; they are included only if NOCC>I.

"" N> IN*, :d II 'ai: It cP,'. tlý,ir lrc c 'li- irlk

A 7



LN.E.JLl: Additional Belt Properiues

•)_U.MEMN: Damping coefficient and belt slack ý.or lap belt, shoulder belt(s), and.
tiedown strap.

1 2 35 7
12 7 •Y 1 o 45-23467S 72 89 1234567890 1"2-7437T -0" 1234567890- '

DPLT3 TIM__--3 DPTID SLID

FFiD FQIA'. -T CONTENTS

DPLB FM1O0 Lap belt damping coefficient (lb-sec).

SLAB F10.0 Lap belt slack (in.).

DPSH F 10.0 Shoulder belt damping coefficient (lb-sec).

SLSH F10.0 Shoulder belt slack (in.).

DPTD F 10.0 Tiedown strap damping c(.effic:ent (lb-sec).

SLTD F!0.0 Tiedown strap slack (in). 0

- .isa



Lfja,_Lý: Other seating and restraint data

DESQRIM-_Q-N: Friction coefficients and footrest location.

1~~ T.457- 4-7120 467890 ,234-56789 i p456789 12345601 0.2 50.0

COEFFR F 10.0 Floor-foot friction coefficient.

XFR F10,0 X-coordiinate of footrest in aircraft coo~rdinate system, at intersection,
with floor, where Z = 0.

ANGFR F10.0 Angle between footrest and floor in degrees.



L.-,LI.2: Aircraft Initial Position

DEEL'C.'RIT N Components of aircraft initial position, in earth-fixed coordinate system,
and attitude.

LFQRMAT AND EXAMPLE:

f123567_89 1234WT123456'789() 1234567890 1234567"79' 1234M567 90- 1234567890
XA'2" ZA YAW I PITCH ROLL

00000.0 0. OA .0

FIElD FORMAT CONENTS

XA 3F10.0 Positi,'on of aircraft coordinate system in inertial system (earth-fixed
YA system in which gravity acts in the -Z direction) (in.). These initial
ZA coordinates are normally taken as (0., 0., 0.) unless displacement

.row, a specific point is desired. For example, if the simulation is to
bL intiited at some horizontal distance from a barrier, such as W
in., Ln, initial position could be specified as (-60., 0., 0.). If the
simulation is to begin 10 in. above thne ground in a vertical drop, the
initial positicia cculd be specified is (0., 0., 10.). These ceordinates
are not used in the simulation but only in output oi aircraft positien.

YAW 3[ 10.0 Initial attitude of aircraft relative to earth-fixed system (deg)
PITCHROLL



LL~~:Aivmilt Init~al Vev.-city

AIM&-M~mfj.: CV~IIV~nerats of aircraft initial velocity, in aircraft cooidinate systemn,

tmrislatiofl and rotation.

V7, L-T7w? DROL

SJUa).R-MAI CONTENTS

NVX 3F10.O Compone'rnts of aircra-ft initial velocity ini aircraft co.ordinate. sys~em
VY (ft/see).

DYAW 3F'10.0 Yaw, pitch, and roll rates (rad/sec).
DPrTCH
DROLL



LIE, LIL: Aircraft Accelerat ion

K~i~Cf{IA=QiN: The time vk',a >t-on of tne -.;x comiporents of div. ac.celeratiecn of tile. aircraft
coordinate system. is approxiiinated by up to 40 points in accoleration and
tinic. NIMPT lis,ýes must be miclujd (tip to 40).

!DQRAAT AND EXAYI~ (4 lines for NIMPT= 4 on Lin- 3.)

123 i5~7 6 77 ~ 7 ~ 43 f46

T&~ AAX AY APIZ MAW 7ROFITT
0.rn 77 0j

Mi _7j _6___I

TAk F10.0 Time (sec).

AX lvI 0. 0 X -acceleration (G).

AY F 10.0 Y-accelilration (G).

AZI FIO 0 Z-acucicration ("3).

AYAW F 10.0 Yaw icceleratior4na.sje)

APIT F IOXk Pic1 acccekration (rawVsec/scc).1

AROL F1O.() Ro~l acceleratio~n (raIisec,/sec).



L! ,2,l : Occupant I .± ',s-)sition, Passenger No. I

Initial posion angles and heel X-po,;ition, as illustrated in Figure A-5. The
heels are assumed to begin at Z = 0, The torso is aligned according to
JAM(Il1), GAM(2,1), and GAM(3,1), and the position is then determined

from static equilibrium, allowing for compression of the cushions. Also,
the Y-coordinate of the occupant plane "symrnetry is included. (Line 22
must be included for each occupant, three in this example.)

f hT3U • 123456789011234567890 1234-567890512345678)0 11134567

GAM(I, 1) 5F10.0 Vector of initial position angular coordinates, as illustrated in Figure
A-5 (deg).

XHEEL(I) F10.0 X-coordinate of heels in aircraft coordinate system (in.).

YPASS( 1) F 10.0 Y-coordinatc of mid-plane (plane of symmetry) for occupant (in.).



Y5

Z A

x H

f.1ui kc~pn ili"~iinM)ýd A



IJTN2": Occupant Initial Posi-J•or, Passenger No. 2 (included oniy if NOCC>I)
....... ..... Initial pssitio- angles an- bex:1 ,X-osi..o, as illustrated in Figure A-5. The

heels are assumed to begin at Z = 0. 1 he torso is aligned according to
GAM(1,2), GAM(2,2)., and GAM(3,2), and the position is then determined
from static equilibrium, allowing for compression of the cushions. Also,
the Y-coord~hate of the occupant plane of symmetry is included.

I 7-"1- 1--4567-90-- 23 56V50 8
9M 41234567890••-- 5 7 234567890 567W

-w(2) 1AM(, I GAM(4,2) " GAM(5,2)1 XHEEL(2) YPASS)-- '-- -- TK • -- ' -7..1 .. . 7.• "-- :'g'A-...--0. 32._7,

FIELD R3JRMQN
GAM(J,2) 5F!0.0 Vector of initial position angular coordinate, as illustrated in Figure

A-5 (deg).

XIIESI.,(2) F10.0 X-coordinate of heels in aircraft coordinate system (in.).

YPASS(2) F10.0 Y-coordinate of mid-plane (plane of symmetry) for occupant (in.).

1 i
I



LINE 22: Occvpant Initial Position, Passenger No. 3 (included only if NOCC = 3)

DESCRIPIQ.N: Initial position angles and heel X-position, as illustrated in Figure A-5. The
heels are assumed to begin at Z = 0. The torso is aligned according to
GAM(1,3), GAM(2,3), and GAM(3,3), and the position is then determined
from static equilibrium, allowing for compression of the cushions., Also,
the Y-coordinate of the occupant plane of symmetry is included.

FOQRMA I' AND EXAMPLE:

1 3 4 5 61 7
12345890 1234567890 1234567890 1234567890 1234.567890 1234567890 1234567890
GiAM(I3)- GAM(2,3) GAM7i,---') GAM(4,3) GAM(5,3) XHEEL(3) YPASS(3)

-16 -16. 7.0[ -16.0 i I 60. 32.0 20,

FIELD FORMAT CONTENTS

GAM(,3) 5F10.0 Vector of initial position angular coordinate, as illustrated in Figure

A-5 (deg).

XHEEL(3) F 10.0 X-coordinate of heels in aircraft coordinate system (in.).

YPASS(3) F 10.0 Y-coordinate of mid-plane (plane of symmetry) for occupant (in.).

A .I2



1 22A-221: Nonstandard Occupant Input Data*

If nonstandard occupants are requested by setting IMAN = 2 (human) or IMAN = 3 (dummy) on
Line 3, then 12 additional lines must be inserted for each occupant. The format for these 12 line',
referred to as 22A - 22L, is explained on the following 15 pages. If IMAN = 0 (standard 50tl.
percentile human) or IMAN = I (standard 50th-percentile dummy), skip this section and proceed ro
Line 23.

" I×cst 11i11, ho pi 0", d, t . c- occupmnt uttcr h n c ?
0ý4:Cu iiirtlpant m 1w ~ 'i a pwlwon'11cv' Ilk 1;0! fI11in c " md IindcN llr A.ll th hot ~ l u11 H!\'kldi

Appcni'~A,



E1IN : Segnment Lengths (only if IMAN = 2 or 3)

•D...C•i. Q•i: Lengths of the spine and segments 3, 4, 5, 8, and 9 as described in Figure
A-6. The lengths of segments 6, 7, 10, and 11 are obtained from these by
symmetry (in.),

S•,FOMAT A&ND [_EXAMPLE:

"i2345 90 _____ 1234567890) 1234567..870 123T67589
SPL J XL (3) XL(4) XL(5) XL(8) XL(9)

FIELD FORMAT CONTEN fS

SPL F10.0 Spinal length.

XL(3) F10.0 H-ead length.

XL(4) F10.0 Upper arm length.

SXL(5) FPI00 Lower arm length - elbow to mid-point of hand.

XT(8) F J.0.0 Upper leg length.

XL_,9) F10.0 iower leg length - knee to ankle.

A 31
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,[N2E2B: Segment Center Df Mass Location (only if IMAN = 2 or 3)

DF,.CHJ• fIQ[: Center of mass location, for segments 1, 2, 3, 4, 5, 8, and 9. See Fig-!re
A-6 for datum plane des,,ription (in.).

EQBMAT NIEXAMP_

45 6 7

1 7 1 14567 0 1234567890 1234567890 1234567890
12345 LI78-T23456793 RIIO(4) R58 01 (5) RHO(8) RHO(9)

FIELD FORMAT _.QNENTE•,-INS

RHO(1) P10.0 Lower torso center of mass vertical distance from hip pivot.

RHO(2) F10.0 Upper torso center of mass distance fromn base of neck.

RHO(3) F 10.0 f lead center of mass distance from base of neck.

RHO(4) F10.0 Upper arm center of mass distance from shoulder pivot.

RHO(5) F10.0 Lower arm center of mass distance from elbow pivot,

RHO(8) F10.0 Upper leg center of mass distance from hip pivot.

RO(9) FP10.0 L.wer leg center of mass distance fiom knee pivot.

RHO(9))



L]0-LQ2: Segment Weight (only if IMAN = 2 or 3)

, DESCRION: Weights of segments 1, 2, 3, 4, 5, 8, and 9 (lb).

]FQE•MATAND AMPL•

121456789 4597 1125 136 T 44.T5 T7iSW(1) !S('- SW(3) ! W( - -• - -79g5"-- (9

FIELD FORMAT COI•ENTM

SW(1) F10.0 Lower torso weight.

SW(2) F 10.0 Upper torso weight.

SW(3) F 10.0 Head/neck weight.

SW(4) F 10.0 Upper arm weight.

SWI5) I70.0 Lower arm weight.

SW(8) FI10.0 Upper leg weight.

,SW(9) ?A10.0 Lower leg weight.

A •;



U-NE12D: Segment Moment of Inertia wvith Respect to Local x-axis (only if IMAN =2 or 3)

PESCPTIN.: Moments of inertia with respect to x-axis for segments 1, 2, 3, 4, S, 8, and
9 (lb-in..-sec 2 ).

'FORMAT AND EXAMPLE:

CRM CIIX(2) UI-TX(3) CIX(4) CIX(5) CIX(-8) ,C!lX(9)

FIELD 1QRMAT CQNTEhrS

CIX(l) F10.0 Lower torso x-axis moment of inertia.

CIX(2) FP10.0 Upfxer torso x-axis mloment of inertia.

CIX(3) FlO0. Head/neck x-axis momnent of inertia.

CIX(4) !F10.0) Upper arm x-axis moment of inertia.

CiX(5) Fl10.0 Lower arm. x-axis moment of inertia.

CIX(8) F10.0 Uppe~r leg x-axis jrmoment of inertia.L

CIX(9) Fl10.0 Lower !eg x-axis momen! of irzertia.

A 318



L f2-: Segment Moment of Inertia with Respect to Local y-axis (only if IMAN = 2 or

DESCRIPTION Moments of inertia with respect to y,-axis for segments 1, 2, 3, 4, 5, 8, and
9 (Ib-in.-sec 2).

FOR MA AND EXAMPLE:

12344567890 1234567890 12374567890 678125676890 8(1231534567
UPY (1 -5 - Y(27) CIY(37) CIY(4) CiY(5) CY8 .. CY9

SE DL PQMAT (CQNhn

CIY(1) F10.0 Lower torso y-axis moment of inertia.

CIY(2) F 10.0 Upper torso y-axis moment of inertia.

CIY(3) F 10.3 Head/neck y-axis moment of inertia.

C!Y(4) F10.0 Upper ann y-axis moment of inertia.

CIY(5) FI0.0 Lower arm y-axis moment of inertia.

CIY(8) F10.0 Upper leg y-axis moment of inertia.

, CIY(9) F 10.0 Lower leg y-axis moment of inertia.



LINE 22F: Segment Moment of Inertia with Respect to' LclzaIs ol fIA r3

YJ~2L :t I : .Moment~s of inerti'a with respect to z:x for segments 1, 2, 3, 4, 5, 8, and
1) (lb-in.-sec 2).

FOIRMAT AND EXAMPLE:

2 3 4 -- 5

TT1-5-78--6173-5eýý-, 123- -4-56)7890 2-124-56,78S9-0 l---4-567875 2356il34679
1-I-() CIZ(2)- L,3 W CIZ(4) CIZ(5) T7IZ(8) I C9IJION

C:IZ(1) F'10.0 Lower torso z-axis moment of inertia.

CIZ(2) F 10.0 Upper torso z~-axis moment of inertia.

C17(3) F 10.0 Hcad/neck z-axis moment of' inertia.

CIZ(4) F 10.0 Uppexr arl-m z-axis momnent of inertia.

CIZ(5) 1710.0 Lower =n z-axis moment of inertia.

CIZ(8) FI, 0.0 pper leg z-.axiS n110oment of inert-ia.

CIZi,9) F 10.0 L wetr leg 4 -xs moeto ieta



LIN. L2• .. : Contact Surfiace Radii (o)nly if IMAN o ' 'r 3)

1 2E5CRHIIQjN: Radii of contact surfaces 1, 2, 3, 4, 5, 8, and 9 (in.). (See FigUre A-7 and
Table A-I for human occupant.)

FOR!MAT AND EXAIMP_•:

1 - • 5 6 :7I C

XF(-F) -~X-R-() XR(4) XR(5) XR (T X R (9)

FIELD FORMAT OWNT-E 'S

XR(1) F 10.0 Radius of lower torso contact surface ellipsoid.

XR(2) F!O.0 Radius of tipper torso in mid-saggital plane.

XR(3) F 10.0 Radius of head in mid-saggital plane.

XP(4) F10.0 Radius of upper arm contact surface cylinder.

XR(5) F 1 0.0 Radius of lower ann contact surface cylinder.

XR(8) F) 0.0 Radius of upper leg contact surface cylinder.

XR(9) F 10.0 Radius of lower leg contact surface cylinder.

Slgclid r
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..TA B LE-,A NAD A R-T D__T4LC U 1S•.SI,-._ý .....
Actual Dimension

Fraction for 50th-
of Stature Percentile Human

Pelvis RI (.0579 4.00

Chest R2 0.0689 4.76

Head R3  0.0485 3.35

Ann R4,R6 0.0263 1.82

Forearm R5 ,R7  0.0243 1.68

Taigh R8,R 0 0.0466 3.22

Leg R9,Rll 0.0344 2.38

I nee RI2,R13 0.0373 2.58

Foot R14,R15 0.0405 3.10

Hip R 16,R 17  0.0515 3.56

Shoulder RIB,Rj9 0.0378 2.61

Elbow R20,R21 0.0268 i.85

Hand R22,R23 0.0339 2.34



LINE2_H: Contact Surface Radii Continued (only if I.MAN = 2 or 3)

ŽE•RIVI-IIQN: Radii of contact surfaces 12, 14, 16, 18, 20, and 22 (in.).

FORMAT AN XAMP1 ....:

1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 12345678_0
XR(12) XR(14) XR(16) XR(18) XR(20) XR(22)

FIULD FORMAT CONTENTS

XR(12) F10.0 P adius of nec', contact surface ellipsoid.

XR(14) F10.0 Radius of foot contact surface sphere.

XR(16) F10.0 Radiou; of hip contact surface sphere.

XR(18) F10.0 Radius of shoulder contact surface sphere.

XR(20) F'0.0 Radius of elbow contact surface sphere.

XR(22) F10.0 Radius of hand contact surface sphere.

A IA



LIýN,.22?,: Spherical Joint and Center of Mass Offset Distances (only if IMAN --- 2 or 3)

S.ESCRI : Distances that spherical joints (shoulder and hip) are laterally offset from the
mid-saggital plane, and the anterior offset of the major upper body segment
(lower torso, upper torso, and head) center of masses from the spine. (See
description of distances in Figure A-6.) Dimensions are in inches.

FORMAT AND2 WL:

T23456T789() 124567-90 1234397990M1235-6-7897 12345678[ i3579q2345678PO
XLH XLS- EM(i) EM(2) EM~(3) [

FIELD FORMAT CONTEWFS

XLH F10.0 Lateral distance of center of hip joint from mid-saggital plane.

XLS F 10.0 Lateral distance of shoulder joint from mid-saggital plane.

EM(1) F 10.0 Anterior offset distance of the lower torso center of mass from the
spine.

EM(2) F 10.0 Anterior offset distance of the upper torso center of miass from the
spine.

O EM(3) F 10.0 Anterior offset distance of the head center of mass from the spine.

0A



L•M4.21: Abdomen and Chest Compliance (only if IMAN = 2 or 3)

DJPLS( DIQN: Estimated force-deflection characteristics (compliance) of occupant chest
an~d abdomen under restraint system loads. The force, F, is computed from
cushion deflection, 8, according to F C(eTB6 - 1).

FORMAT AND EXAMPLE:

1234567890 1234567890 1234567890 1234567890 2345678905123456789(' 234-5678971CABD BABD- TCCH-E- - -BC YE 1 F

FIEL EQRMAT CN•TENTS

CABD F10.0 Coefficic)at C for abdomen compliance (ib).

BABD F 10.0 Coefficient B for abdomen compliance (in.- ).

CCHE F 10.0 Coefficient C for chest compliance (lb).

BCHE F 10.0 Coefficient B for chest compliance (in.- ).

A 4T



SLL M,.I ,)iK.: Axial Stiffness and Damping Prope:rties fOr Spine aml, Ncc", (o,,ly it IMAN -- 2 or 3)

]•_1.Q3•, H,"TI'QJ..' Axiai lovce-deflection c!1aracterIMscs for th e spine and neck beam models
and associated axial damping. `,'he force, F, is computed from deflection,
8, accordingto F = eBb - i),

FORMAT AND EXAMPLE:

2-357 34567T 12356 1 579-0 12'45578.0 21234-56'7890 ._2345678,001274567890
1ZI-ANX- BAX" S DMPS CAXN BAXN D-7MPN-

.EQ.MA QTNI_

CAXS Fi 0.0 Coefficient C in above equation f-w axial spinal stiffness (lb).

UAXS FIO.0 Coefficienm B in above equation for axial spinal stiffness (in?1 ).

DMPS F110.0 Axial damping in spine (lb-sec-in.-I).

CAXN F (0.0 Coefficient C` in above equation for axWi neck stiffness (1b).

BAXN F10.0 Coefficient B in above equation for axial neck stiffness (in: 1 ).

DMPN F10.0 Axial damping in neck (lb-sec.-in- 1 ).

- d17



U1IlI }jJ.: Rotational SdNfaess and Damping FProp,;ries for Spicn and Nec (only if IMAN - 2 or
3)

DV-•ICP 1.!_i)N: Rotational monient-angle characteristics for the spine and neck beam rnuxels
and associated rotational damping. Tk2 moment, M, is -.omputed from
angular dceflectionr, , according to M = C(e08-

FORMAT ANID EXAMPLE:

"23456- 7X8T912 23456789 234567901 2345689• •45667890124567895678() I234.5789)
71)(1 bR TEJD CO() BO(~ (2)

__I, FORMAT £',Q1•NT~1I'8,

CROT(1) F I 0 Coeffici.ent C in a'I)Ve eqtB..tioti for Iotationai spinal stiffness
(in. -b.).

PRROT() I F 0.0 Coefficient B in above equation for rotadonai spinal stiffness

X J( ) Fl 00 Rotational damping in spine (Ib-sec).

CRO('(2) Fl10.0 Coefficient C in above equation for rotationail neck stiffness
(in.-lb).

BROT(2) [l 0.0 CtYxfficient B in above cquatiom for rotational neck stiffness
(rad.

XJ(2) F 0.0 IRoiational damping in neck. (Ub .'c).



IIUCEIFjI.__Qti: Dimensions of seaL model as shown in Figure A-8.

_45Y 0 V14567 'TT2 l-8-7-T345367 0 1)-2T4'567 9-0 112.3)T5ý78 01-2A567890O
XE-AF ZSEAT ]---A -- ANGSB XLPAN XWPAN SBHT

__ 10. ITT78.0 6.0J5 1- ___ QIL 7

FIELD FORMAT CONTENTS

XSEAT 2F10.0 X- and Z-coordinates (in aircraft-fixed system) of intersection of
ZSEAT s ý:a, pan and seat back planes under the cushions (in.).

ANGSP 2F10.0 Seat pan and seat back angles (in urcraft-fixed system), directions
ANGSB as defined in Figure A-8 (deg),

XLPAN F10.0 Seat pan length (in,).

XWPAN F10.0 Seat pan width (in.).

SBHT FlO.9 Seat back height (in.).

""
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A.A ENERQ.•YA_. 14S BN._.F_,I•H'_ N._UT

Lines 24 through 26 provide input for an energy-absorbing seat option, which can be used only if
NSEAT = 0 on Line 3. If the stroking seat weight, SEATM, on Lin, '.4 is zero (or blank), this
option is riot used and any data on Lines 24 through 26 are ignored. It SEATM is nonzero, the
energy absorber force-deflection data illustrated in Figure A-9(a) must be provided on Line 25. If
the mass moment of inertia of the seat with respect to the Y-axis, YISEAT, is nonzero on Line 24,
then moment-rotation data must be provided on Line 26.

If NSEAT = 1, indicating use of the finite element seat model, Lines 24-26 are ignored, and seat
data continue with Line 27.

Note: This example uses the finite element seat model, so that Lines 24-26 are blank.
However, sampie case no. 3 uses the energy-absorbing seat option.



LINIFE 24: F norgy-Absorbing Seat Data

LLEýECRIPJ1TN Parameters for the two-degree-of-freedom (seat stroke and rigid- body
rotation) energy- ebsorbing seat -Model, (See Figure A-9 for a detailed
description of the parameters.)

FORMAT AND EXAMPLE:

1 23456789() 123456"7890 123A567990 1234567890 1 234567890 11234567890) 1234567 890)
SEATN4 ANGEA SUNLOD SDAMP YISFA RULOD.-RDAMP

FIELD FORMAT CONTFNTS

Sf7ATM F 10. 0 Weight of movable part of energy-absor-binfg seat (ib).

ANGEA FMI0. Stroking angle. for guided eneroy-absoi bing seat (deg), see FigUre
A-9h.

SU NTLO F(1 10. 0t Fnergy absorberi unload ufig slope'(b/n)

SI!DA MPI F I 0A) Damipi ngi cwHocleniC fr thc e~nergy absorbe.r (lb-see/in1.).

Y ISFATl 1: 10.0 Mlass molment of, inertia, ol, the SCaO thaout ai lateral axis through point
(C (ill F[enre A ýt with coordinates X =XSFAI, Z7 ( 0 (lb-n)

R~ ~ I IIJD FIOIIla~" IJWvfo o'nla It0-I101O ýa l.i/a)



F4
F3 - - -

0
S __

D2 D3 D4
Stroke - In.

a) Force-stroke characteristics

'ANGEA

Motion

b) Geometry

0A



1,1!NE2_ : 2 evrgy Absorber J1I)ata

".i'l!, : FAnCrgy a bsorher Ifocc vCrsus dCflecr on (ilh:srtrat'd in Figure A 9a).

1 3 7

I 3568( 1T.57i 1.4~8 234567890 1234567890 I2T45/. 890) '234567890
FFEA(2) FIMEA(.) EFF-A (4) )D- PA(2) DDr:A(3) F DEA(.4)

FIELD FORMAT CONTENTS

F2 3F10.0 Energy absorber force (lb).
F3
F4

1)2 3F10.0 Deflections corresponding to above forces (in.); see Figure A 9a.
D3
134

N

-\ Si



, ~LINIL...2,: Rigid Seat Roitational Stiffness Paramecters

QIaCR-I1~IjQ-N: Applied niouent versus seat rotational angle as shown in F'iguv(e A.- 10.

EQRMAT'' ANDI LXZMlILE:

TnT-6--8z123D45678 0 124567 ')0T'-17456789() 1,-2357ýi 9J 12T-f345~j67T8 12' 45678 0
FFRT(f) FR- TT4 3~C) ~ ~ D R ~

FIELD FOR~MAT £QNTENTS

FFRT(2) 3F10.O Applied moment on rigid seat(i.b.
FFR T(3)
1FFR.T(4)

J)DRT(2) 3F10.O Angular seat dlisplacement (rqd).
DDRT(3)
DDRT(4)



rm

FFRT (4)

E FFRT (2) --0

PFR-T (2)

DDRT (2) DDRT (3) DDRT (4)

Angular deflection - raci

I j:~igre A 10, Rigid >4:A moe l T1t~o4IC i h) midstlfinerýt .
\ 4



A.2 jj !£CID 'LEAI' T

If a nonrigid seat is requested by setting NSEAT 1 on Line 3, then the input d(am described on
the following lines is required to define the finite elemcat seat model.

½



Li•f2$I.: Basic Seat Model Data

"QLE FlCM-11 Q.Ni: Control integers for finite element model describing the number of nodes,
elements, materials, and cross sections in the model, and the number of
plots.

1234-56 T T'W34 -))7 0 12-34,156ý~g(78% 234T67-0 12__567-9 123456'7890 123467890
____ AT (T - -

S .. L.I _ a COR_ D _ _ __T______ ___

FIELD FORMAT CONTENTS

NLUMNP 15 Number of real nodes.

NUMEL 15 Number of elements.

NUMAT 15 Number of materials (up to 8).

NUMDS 15 Number of displacement-specified node point!; (at. which the aircraft
displacement, velocity, and acceleration aie applied).

NCORD 15 Number of inactive beam pointer nodes, which are used to orient the
y-axes of beam cross sections. A real niode can be used as a Pointer
node. Also, a single node can be used as a pointer node for more
than one beam.

NSECT I5 Number of different beam cross-section types (up to 10).

NSPLT 15 Number of requested ,;eat position plots (up to 20).

,\ 5s



LIJE2,: Miscellaneous Control Flags

1E..CRIPON.: Parameters for contolling execution of finite. element seat simulation,

12345678902345678 1i4567 1345 78 1 45 78 123467 13 4567Li I

P i)I U2)

ELI2 EQRMAI CONTENTS

KNTRL(1) 15 Maximum number of iterations for convergence within a time step
(default is 5).

KNTRL(2) 15 Number of increments to enforce the floor warping. (See Lines 43
and 44.) A value of 10 is recommended for cases where the floor
warping produces plastic and/or large defoi-mations of the seat
structure.

S

A9116 
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L[,M.22: Seat Plot Times and Viewing Angles (number of lines required NSPLT on I-iJn 27)

DESCRIEM N: Times when seat structure plot data are to be stored on unit 20, which 1muLtst

be saved as a permanent file for subsequent plotting. Thle elevation wrd
azdmuth angles corresponding to each dime are illustrated in Figure A- 11.

FQRMAT AND EXAAMPLE:

1234567890) 1234567890 1234567890 1234567890 1234567890_ 1234567890
TSPLT MEHEPLT PHIPLT

__ 0.0 45.( 20 l
0.025 45. 20. 0__ C
0.050 45.( 20.(_
0.0755 45.( 20.(_
0.100 45. 20.(_
0.125 45.( 20.(1
0.15 45. 20.(J
0.175 45. 20._ _

r 'OTENTS

TSPLT F10.0 Plot times (sec).

THEPLT F 10.0 Azimuth angle for viewing seat plot (deg).

PHIPLT F10.0 Elevation angle for viewing seat plot (deg).

W t•)



A Viewing positior.

/ /N

z
- I

Y/ Center of The imaginary
/,-. workbox which enclcses

the model

o Azirm!th angle in X-Y plane in degrees (-180 K! 0• +80)
=Eevation angle in degrees (-90°• 0 •!_ +900)

tt A



LiNL~Q:No)dal Output Scledý,ion (used only ifiOU7 8 0)

LAL)EKCRllnh LY Node nuimbers, in paiHS, to sqpecify which X, Y, / displa2C'emuInts are to be

printod. (The node numbers ane definied on iIne -18.)

MET-~7 9 1-775'77'976 i0;F T[434t7T 1.5 ''A
F41,K MA~)E KWOifNOIK4D RT~)K Un T KK)I KN(M)rF%~I2

KNODE 5(215) Nodal displaceme.nts prinited for nodes beg-inning kvith KNOi)E(f)
thtough KNODEI+,t ), inciw,;ive. U.p to 5 a~soirodes are.
permitted.



Li42•.;2, ieam Locad and Stress Sec•ection (use~d only if IOUTI( 0 ) >. )

DU-CIRI. N: F" Elenerat numbers, in paii', to specify which, Stresses are to be printed.
Maximum and mi nitmim valties of stress are printed mt b)oth ends of select!ed
beams.

IL• 5O ___I•'.[$

I TTZ45Y- -1 T46-9 T 231hi 7109 1274-567TO• TFtF57M M 125ITJ3 .7 -5 -67T9(7
FAA .B AM R I4EW 07 LAE v E1AM 'BEA KI3LAv BEAM-

~~L(8 (9) -~.12 __

KBEAM 5(215) Loads and stresses printed for beam elements beginning with
KBEAM(1) through KBEAM(I4 1), inclusive. Up to 5 pairs of
elements are permitted.

o



Interva.l it which mxie and el-ement dhaltl irndicat--d on Lines 30 and 31 are to

XI[N printe'd.

jFIlJl) FORM~AT CONTIENTS

DTSI3AT F 10.0 Time initerval in seconds.



AM& IN 33.1 Material Tylx- Number

j2'IILCBJ.Lj'1QN: Material type designation number. Repeat group 33 through 35 in seqluence
NUMAT times, as specified on Line 27, one sequence for each material.

E RM&EAIND NAMPLES:

i1Wy7W90 45678 234567890 12345696787890 123456780 15 2345678902-7 9.07•.

10 2024-T 4A

FIELD FORMAT CONTENT

MYnP 15 Material type designation number. The element data on Line 39
specifies the material type by referring io this tinLxber.

MAT AIO Material type description used as heading for material property
output.



Jj•4. Material Properties

Material physical properties as described i n Figure A- 2.

1.2...457. 1 24567 6-78 -5143 ) 12345678905 1 3 578E) E() (4) E()E(7)
25 F~T1 4.9E5 0 0 3

HELD .).RIAT .(,)%ThI.PNTS FQR BEAM ELEMENT

E(l) F10.0 Density (lb-sec 2/in. 4).

E(2) 7 10.0 Modulus of elasticity (1 jinr. 2).

E(3) F1(),0 First yield stress; Syl (lb/in.2 ) 0 if elastic.

E(4) F10.0 First plastic modulus (lb/in. 2) 0 if elastic.

i!i(5) F 0.() Not used.

1'(6) 1F10.0 Ultimate stresn; Si( (lb/ in 2) 1 if jlastic.

4 1,i l ) i. l I 4}ft li >, I I•• > '7 :•l , tJi•.ll I J II\ In, 1 \ I ...X •
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SL.NLbA .: Material Prc ezi w s (continued)

.2I3C•,YRL•,•: Mateiail physical properties as described in Figure A-12.

j _ [11) E" "\12) __
~~~~. ........... E 1 )' ..

FIELD •__.MA•ýT CONTENTS FOR BEAM ELEMENT

E(8) F10.0 Second yield stress, Sy2 (lb/in.2 ).

E(9) F 10.0 Second plastic modulus (lb/in.2).

E(10) F. 0.0 Strain-rate coefficient = 0, no strain-rate effect considered.

E(11) IF10.0 Strain-rate exponent - 0, no strain-rate effect considered.

E(12) F10.0 Explicit moment curvature flag 1, use explicit moment curvature
option (plate) 0, ignored explicit moment curvature option (plate).

AANN,
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L.NI6,3: Beam Cross-Section Dua a

QUM')•.•. •_V : Beam clement cross-sectional prolfrties as described in ligum A 13.
Repeat group 36 and 37 NSECI' times, as Sqwcified on line 27, one
sequence for each cross section.

[Q&-L APi: ,

I~~ MI I ) 237T24679 177c), 5 1 tTI~Y " 5f5
NSEý:G AL~ ABM 4 FIXX FIYY f 1 77

47 _OWFO.73O28 (1151T4_ - 0.151ý

FIELl) FORMAT •ONTENTS

NSEG 15 Number of plate segments in beamtn cross section.

K1(1 S 15 Flag for closed-wall sections
KLOS = 0: closed wall
KLOS = 1: open wall.

ABM F10.0 Cross-section area (in. 2),

FIXX 3FI0.0 Cross-section moments of inertia about x, y, and z principal axes,
FIYY respectively (in .4). The cross section for each bea ni elerncn is
FIZZ oriented by specification of a pointer node on the y-axis in the

elenwnt dau. on Line 39.

I W k ~ l 1 [\N~ o) iit! 11-. '(k f I: )!( . I
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ICca 11K)cn xT crsý,sectior al (.liyfcriw i() ;ts (iecri bed in I 'igu rce A- I 3

~IQL~iW (1k ept~t Liz:- 37 NSEC, i KLOS lanicS, followinig Line'36

(2) Rcpeat the sxekncc rw Wlnc% 36) and 37 NSFCT 'timnes, as deicned oit Line, 27.

o4 7i7

0AL JIQA 9L1')
Y(J) F1{I)()S3 0xs-eto 75rirae fpin ýb~fn rg fsgetI(n)

Z(I)FiOI (Se FiUrTAIa
'1(1)~~~~~~~~~~7 F 00Sget-ikesb emn ewe onsIadI+1(n)



-MN3A: Nodal Point Data

jDE5MRfl1ý: Finite element node number and nodail coordinates in globial system.

N!Q2.-,a Repeat Line 38 NUMNP + NWORD limnes.

LORMAT-AND-L, AWILi:

12145679 -123 56789 12-34567-8790 123456)8of3f,-799 123-4567890 124680
__XLN) Y(N) ZC(N) ____I ~ C: :l(. 0. _____________

N 15 Node number.
5X

XC(N) F1O.0 X
YC(N) F1O.0 Y coordinates of node point (in.).
ZC(N) F1O.0 Z

A 11"



LIN E,29: Elenent Data

D.L$ lEFIUQN: Individual element property descriptions.

N.Q.]: Repeat Line 39 NUMEL times.

FORMA _AMQDXAEU:*

121445967 iT345i T, 67 2567 T23456790 1234567890 123589
'M NODE NODE N5 5 flNDE NODEM NODE NODE NODE[NThNIDD WNDEJ

(2 3 (3) 4 (6) (7) (8) (9) I(10)(i ( 12) _(L3)__61 ! __Z____I7A±J_ . 1o 1 0o1()

BEW M 2I _QDI,•MNT1SIS BEAM ELEMENI[

M I5 Element number.

NODE(l) 215 End nodes.
NODE(2)

NODE(3) 215 Not used.
NODE(4)

NODE(5) I5 Stiffness flag
NODE(5) = 0: Use plastic beam stiffness
NODE(5) = 1: Use elastic bearr stiffness.

NODE(6) 15 Cross-section type. The first set of Lines 36 and 37 is assumed to

be cross-section type no. 1; the second, no. 2, etc.

NODE(7) 15 Pointer node for orientation of initial principal beam axis y.

NODE(8) I5 NODE(8) = 2 for beam element.

NODF(9) 15 Material type (assumes I if left blank).

NODF( 10) 15 Beam-end conditions (forces), at end i, Figure A-I 3(b)
ABC (packed word, right justified)

A Force release in x direction, if I
B -Force release in y-direction, if I
C :- Force release in z-directioa, if I.

NO)I)F(I 1) 15 Beam end conditions (mo-ments), :It end i F igure A, 13(h)
D)EF (packed word, right justified)

I) Moment rtcast- in x-directio,, it'l
Fi No(lliclm 1lcase in V dirrclir., it I
i limncrt rOw h iot / dhrc(' oinVn, it I



NODE(12) 15 Beam-mnd conditions (forces), at endj, Figure A--13(h)
OPQ (packel word, right justified)

0 Force release in x-direction, if I
P = Force release in y-direction, if I
Q Force release in z-direction, if 1,

NODE(] 3) 15 Beam-end conditions (moments), at end j, Figure A-13(b)
RST (packed word, right justified)

R = Moment release in x-direction, if 1
S = Moment release in y-direction, if I
T = Moment release in z-direction, if 1.

is

i'0



LKNE 4-0: Seat Pan Ncxles

MCR •O.N: Nctes on which seat cushion loads wilý v applied, arid which are used to
define the seat pan outli'ne for the occ-upant plots.

NPANNPANNPAN NMT,ýN IWFAN NPA?' J4AN NPA~N NPAAN NPAN NPAN NTIAN
7 __ _ __ _0, i_-

NPAN 1215 Nodes on which seat cushien loads are to be. applied, input on rewr
edge first, then forward edge, and from right to left, as shown in
Figure A- 1i.

Note that in this example node 6 is used as NPAN(2) and NPAN(5), node 14 as NPAN(4) and
NPAN(7), node 7 as NPAN(6) and NPAN(9), and node 15 as NPAN(8) and NPAN(I 1),



20

178

8 1

COLUMNS 1-5 6-10 '11-15 M6-20 21-25 26-30 36~~i-40 41-45 *6Isc' Si-ý 56-'St"

LINE 40, NPAN 5 6 I 3 14 6 7 1,4 15 1
[ANF flNEBAK S 6~7 17~ 6 7 is 19L 7 8 ?

F • ?- - -- H•• • o - --; • •-.. ....
LINE 4. , •N -A -_ io i 4 _J2

i. ~~f i A 4 1"



LIflF•It: Seat Back Nodtes

jj .P.ltRW j1N Nodes on which back cus:hion loads are to be applied, and which are used
to define the seat back oitfine for the oc-cupant plots.

FM 2 FQRMk• C9N__E•ND".

NBAK 1215 Nodes cri which back cushion leads are .o be applied, input on
iwer edge first, th,-n top, and from right to left, as shown in Figure
A- 14.

Note that in this example aode 6 is used as NBAK(2) and NBAK(5), node 7 as NIMAK(6) and
NBAK(9), etc.



LtL_42.: Restraint System Anchor Point Noles (NOCC lines) ___h

i..JI..iQN.: Nodal points on seat structure to which restraint system is attached as
shown in Figure A-14.

-- 5-- - -- - = -6'-. -

1- 0 5 i2340 1 745370T2356 80
NL1FA- NLBA NSHA NIAN]

NLBA 215 Seat structure nodes at which lap belt is attached, right side first,
then left, as shown in Figue .A-14. Not used if lap belt is attached.
to aircraft floor rather than to the seat.

NS .IA 215 Seat structure nodes at which shoulder harness toad is to be applied
(one node), or distributed (two nodes). Leave blank if shoulder
harness is not used or not attached to seat.

NTI) 15 Seat structure nxle at which laj ) belt tie own stnrp .,:)ad is to be
applied. Lhave blank if fiedown str.ap is not use.J

Note that for this example node 10 is usýed as both NLBA(2) foi. passenp'c 1 ard NLBA( l) for
passenger 2, and node 11 is used as both N' BA(2) for passenger 2 and NLBA(i) for passenge. 3,
as common points of attachment for iap-belts are usually found on transpoit xeats. Also, in this
example no sioulder harness is used.

.\ /,*



LINE 43: Node Constraint Data

DESCREpTQN: Packed (encoded) word for each nodal point that is constrained in at least
ont, degree of freedom.

NOQT: (1) Repeat Line 43 NUMDS times. Omit if NUMDS = 0.
(2) If any of the displacement/rotation codes is set to 2 to enforce floor warping,

include, Line 44 immediately following the core,;ponding Line 43 data.

.FRMAT AND EXAMPLE:*

5 61 7
1234567890 12345678 34567890 1234567890 ý123456789012345678"0 1234567890

FIELD FORMAT CONTENTS

NODDIS 110 Packed word - NABCDEF (right jtustified)
N Node number
A Displacement code in X direction
B =Displacement code in Y direction
C(= Displacement code in Z directiOrn
D Rotation code in X direction
F, Rotation code in Y direction
P = Rotation code in Z direction
A,1 B, C, D, I, or F = 0, no constraint

= 1, constraincd for zero
displaceiment/rotation

S2 , constrained for floor warp
displacc cnt/rl ) ta1ion.



LJNE 44: Floor Warp Data

DESf.Rl.PTJNI: Floor warp displaccirient/rotation.

NQI.: (1) Repeat Line 44 fbr each displacenment/rotation c(xle set to 2 in Line 43, in the
order from displacement in X-direction to rotation in Z-direction.

(2) Rotations are input in radians; displacements, in inches.

JEEMAT AND EXAMPLE:*

_... _ 1 31_ ,,5 7. 7121456^ 8TI 234-56ý7 1-5 6-7-8 -9TI 34- 67 89 1234567800 1347 7• 2467890
12.4567-0-l
FWA R P___________ ___ __-0.51

FIELD FORMAT CONTENTS

FWARP Fl 0.0 Floor warp displacemeni/rotation.

"\ '•,tI
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If cuitact wit'i the seat back is to be simulated (by IOUT(4) - I or 2), the following lines of input
data are required to describe the surfaces on the seat back (only with NSEAT = 0 on Line 3).
"These lines would directly follow Line 21. (with the fiaite element seat model data omitted).



LNE__45: Seat Back Contaci Surfacv Diimensiom,;

DE.._.•RII_.q'..Q.N: Dimensions of contfci surf'aces on e ca k as illusrated in Figure A--I15.

EQE NT-JIANQ.EXZA ~LMUE:

M 0 2 _A 4_ 5
I M'456 7-() 56-7-870 1234567890 12345'67 8901234567890( 1234567890 1234567890

T'M' WilH'T TAR WAR HAR X!,AR

FEL FR E WitMAT CON'f. t ta ( .

TAI FP10.0 Distance from top of seat back to top edge of su7wed tray .able (in.).

WA7 F10.0 Width of tavy ta (ir.).

I-IA I C 0. Height of tray table (in.),.

TAR F1O.0 Distance from top of seat backi to tot) of anrrest (in.).

WAR F`10.0 Width of a-rni-st (in.).

HAIR F 10.~') Heighi. of arnivest (in.),.

XLAR F 10.0 length of armrest (in.).
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LINJL4•.i-, Scat Back. Force -Defonnatiov Proc,.rties

fl(R-UCL _IQN: Force-deflection ch aracter'st fi2 and damping for scat back surfaces, The
force, is cornputed from deflection., , according) ! T= C(CeB8.- 1).

FORMAT AND EX/ MIPLE:

CCON ) 33"i CO)N(1)

CCON(2) BCON(2) I)CON(2)
CC.ON(3) BC-N•)7 DCON(3)

FIELD FORMAT CONTENTS

CCON F10.0 Coefficient C in above equation (lb).

BCON F10.0 Coefficient B (in. 1 ).

DO-N F10.() Damping coefficient at zero load (lb-sec/in.).

Three lines of data ,= input in the ?,bove format. The first (46) applies to the cushion surfaces (I,
3, and 4, irn igure A-. 5). 1he secod line (4.7) applies to the tray able (2. in Figure A-15). The,
third refers to the anrrest surfaces (5-8 ;n Figure A.- 15).

.. . . -~ @



UNLL,12: Seat Back 'Weight and Row Pitch

I _I.R .: Weight of the movable seat back for use in the breakover model, damping
coefficient for seat back breakover, arid seat row pitch.

EQE.AEZXAMeJ:

"M 7.6. M, -I• 2•5780 1235U790 1231OO12T566-89 79

FIELD F3ORMAT £CNTENT,

BKWT F10.0 Seat back weight (1b).

DPBO F 10.0 Damping coefficient (in.-lb-sec).

SPITCH F10.0 Seat row pitch (iP.).

0Q
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Llf lIQ: Seat Back Breakover Resistance

PE.SCR IQ.N: Seat back breakover moment versus rotatioin angle, similar to that shown in
Figure A- 10.

1 2_ 4_6

EO______T A 5 M_____!_

IT5-2"7, 12•-45678-) 1234567890 1234567890 1234567890 1234567890 2!34567890
"FF_2) ]FF11 (3) FFBO(4) DDBO(2) DBU (3) DDBO(4)

MLD FORMAT C ONTENITS

FFJ30(2) 3F10.0 Resisting moment of seat back (in.-lb).
FFBO(3)
FF1II0(4)

DDBO(2) 3F10.0 Angular displacement of seat back (rad.).
DDBO(3)
D.DBO(4)



APPENDIX B

EXAMPLES OF OCCLTPANT CHARACTERISTICS AND MATERIAL PROPERTIES

A significant problem encountered in mathematically modeling a physical system lies in
determination of system characteristics and properties. In this appendix are presented examples of
the following:

* Occupant dimensions and characteristics.
Restraint system webbing load-elongation characteristics.

* Cushion load-deflection characteristics.
* Structural material stress-strain characteristics.

The characteristics and properties contained in this appendix are, of course, not intended to be all
inclusive, but rather are intended to provide the program user with examples that may aid in setting
up new input cases.

13.10CCUPTANT._iVA!•)_INJ[_ CHRC .R•IS

As described in Chapter 2, dimensions and inertial properties for two standard occupants, a 50th-
percentile civilian male and a 50th-percentile anthropomorphic (Part 572) dummy, are included
within the program. If a nonstandard occupant is desired, additional data must be provided on
Lines 22A through 22L. The format for nonstandard occupant data is displayed in Figure B- 1, and
parameters are defined on pages A-34 through A-49. In Figure B-2 are presented the properties
that are used in the program for the standard (Part 572 50th-percentile) dummy occupant. Figure

* ,B-3 presents a set of data for a 95th-percentile dummy, which have simply been scaled from the
50th-percentile dawt. The use of this scaling method is not suggested if measured properties can be
obtained; however, to complete a partial set of properties or obtain a quick estimate of the solution,
use of the scaling approach can be justified.

The scaling method is based on multiplying the 50th-percentile properties by the appropriate
nondimensional scaling factor. All properties with length dimensions are multiplied by the ratio of
nonstandard occupant sitting height to 50th-percentile sitting height. In this example:

Len9gth Factor 5th % Sitting Height _ 37. _ 1.06
50th % Sitting Height 35.7 in

Similarly, occupant properties based on weight are scaled by the occupant weight ratio, ice.:

Weight Factor = WiN 2 lb - 1.29
50th % Weight 164 lb

'The factor for scaling moments of ineria was derived from a dimensional analysis for the variables
involved. The resulting scaling factor ý:

1omnt ini 95th 'Yo Weighty2 (951h ', Sittinm Height),Momnent offricriia Facltot.r (5t -• H ltt

(50th 1 Weight)2 (500h % Sitting I lcight)`

0B



Since there is no valid basis for scaling stiffnesses, the 50th-percentile spine and neck stiffness

properties were retained.
B.2 WEBBING LOAD-ELO._NQ•HN C R RIS_

Figures B-4 and B-5 present static load-elongation characteristics for several types of nylon and
polyester restraint system webbing, respectively. Very little dynamic data for webbing
deformation exist; however, Figures B-6 and B-7 present some dynamic results taken from
reference B. 1.

The damping coefficients for the restraint components are based on three assumptions: that the
webbing damping coefficient is not a function of strain condition, that it is independent of strain
rate, and that the Voigt-Kelvin model (shown in Figure B-8) can be used to represent the webbing.

The first assumption allows the use of a linear approximation to the static and dynamic load-strain
curves for the webbing material. The single slope approximation should be the best estimate for
the expected range of webbing loads, and not for the entire curve. The second assumption
indicates that the damping coefficient will be applicable to all possible strain rates encountered in
the simulation. The accuracy of the damping coefficient can be maximized by basing the calculated
value on dynamic webbing test data measured at an applicable strain rate. The procedure for
calculating the damping coefficient for nylon webbing (MIL-W-4088 TYPE VII) is given below.

The static load-elongation curve for the nylon webbing sample is shown in Figure B-9. A linear
approximation to this curve is 11,000 lb/in./in. over the expected load range of 0 to 2000 lb. The
slope of the dynamic test data, measured at a strain rate of 40.9 in./in./sec, is approximated as
26,000 lb/in./in. Based on the as:;umption of a parallel spring-damper model, the dynamic load at
any elongation value must be equal to the static load plus the damper force, i.e.,

PDYNAMIC = PSTATIC + PDAMPING

= KE + Uc. (B-1)

Where:

K is slop, of the !oad-strain curve (lb/in/in.)
C is the damping coefficient (lb-sec/in./in.)
,r is ihe strain (in.fin.)
tu is the strain rate (in./in/sec)

ThiJ..-fre, the dan;ping coefficient can be calculated using

C -_ P'OY-N-AM - Kr 2
t ."

PIJing Its a eprcsclltative pmfl1t a anVtmhi ..... ' )i••i.d 20 I,, and 1).O ...( in/'in, smr;.in, thc iialnping
C(PC(-Ha.i ent f0r thI nyvon wehlui1 i:g cjtilatcd as

t2



2WXi lbiil,000hib/in.in) (0,0925 in/in.)

-26.7
in./in.

TFhe seat cushion represented in Program SOM-LA/SOM*T7A accounts for the st~iff~ness and
damping properties ot the cushion combined with the occupant buttocks. This model-krig appxioach
is desirable in order to avoid the numerical problems Associated with springs in a series
configuration. An experiment was performed to develop load- deflec tion properties for
representative cushions. The experiment consisted of applying a known static load in the
downward direction to the lower torso segment of an Alderson VIP*-95 dummry. This downward
load, which was applied at the spine base plate, caused both *he buttock,; and cushion To deform.
The defflections of the combined system, buttocks and cushion, and the buttocks separately were
mneasured for each applied load.

A description of the cushions used in load -de flec tion tests is given in Table B1-i. T11e cushions
were, selected to provide a spectrumi of thc possible cushion conrfigurations that theý user niny sehcci.
Combined! toad--deflection curves for the VIP-95 buttocks an~d cushions are presented in Figures 13-
1.0 thropugh B1-14. The form that the load-deflection cut-ves take is a linear slope followed. by an
exponmential stiffening as the cushion and occupant "bottom out." These curves cvi be
approxirm. ted by an expression of the form:

Representing the load-deflection curves with a smooth function alleviates a cornvergence problemn
c.9countered. previously with the numerical integration around the slope--change points of a
piecewi.~e, linear representation. Thie ex7ponlential representation of the five load-deflection curves,
develo-_ped with a least-squares approximation routine, is presented, as m~e dashed line i-ýi each.
figure. Also presnted in thi% section are the separate ioad-defiectiorm curves (Fig~ure, B- 15~) for thc
Ald~erson VAIP-95 dummiy buttocks wheni tested with each of the five cushion ty-pes, This is
pi esented for thre user who may wart to synthe~size a combined load -deflection curve by adding the,
desirei cush ion properties detv..rniined undler a rigid indenter to an ra'eragt- deflection cinrve for di e
durnry buttoxks.. 'The indenter should. be config.u) ýd like the dumnmy.

Figures R 10 through BP 20 pr(,sent "approxiniaied. stre~sýs - vrin carves, for three stei-Is and twc,
alumininn alloys, F'rorn e.a"ch of the;se. curvý-, Si.4, chazractcrkdtcs are pvovided as iniput w the fihniuc
elene~nt sctt nod&.



---- ..---

I C.'ontoured, nat' lapnod cushien designed to mlinirnize ocCupant rebound, in a crash

2) Contoured, rigid foam cushion designed. for negligibhe deflection.

3 Contoured furtiture fcubam cushion approximately 1 .5 in. thick (undeformed) over

buttock contact ara,.

4 Furniture foam slab, 1.2 lb/t 3 density, approximately 3.)0 in. thick (undeformed).

5 Furniture foam slab, 1.., lb/ft 3 density, approximately 3.0 in, thick (undefonned).

.B.5 1<lFR E N

B. 1. G. Kououkli,, J.L. Glancy, and SJ. Desjardins, ThL._j).sj ,Qy!vjltp__..T~CsLn,
Qig!LA~j•:rt...1~Riy.yaj? .f.r.Ay AjrAlfT, US AAMRDL echnical Report 72-26, Eu stis

Diretwrate, U.S. Army Air Mobility Research and Development Laboratory, Fort Eustis, Virginia,
Jane 1971, AD 746631.
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123 5678? -1234.5-67890 1234-5-67"§-78'T~45607890 5Th45i6-7890 9U45TD-45f6789O

_______ XL(3) XL(4) XL(5) XL(8) X(9) _____

______ mW()
RHO(1) M~1i2 CIT3) RHOI(4) 11::A(5 j 0(8) ORIMO9

CIZ(1) _rlZ(2 iZ-TCIZ7(3) CIZ(4) !~Z(5) -CJ-Z(8) ' CIz(9)
XR1) _XR (2) XR XR(4) XR(5) JXR( ) -, XR) F

XR(12) XR(14) XR(16) _XR(18) XR(20) JXR(22) 1 -

XLH XS E() EM(2F T7Mi(F
__AD BABD CCHE BfW _________

Ms_ BAXS DMPS CAXN_ BAXN DMN
j(¶~(1)BRO(1) XJ(1) CROTV2) -BO() X()

Figure B-1. Nonstaridard occupant data format.
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K (b/in.in.)

C3 (Ib-sec/in./in.)

iittB- 8. Voigi-Kelvin nudcl of resttain +systeal webbing.
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Apvpromitnai, Ma4 terial Pvcoperties,

Modulus of e(asticity, (2) =1 30 :K 10 PSi
First y-eld strcss, L.',1(3) = 58,'700 psi
First pkastic modulus, f(4) - 2.9 x 10 psi
WUtimate stress, E(6) 6 7,000 psi
Second yield stress E z7, , 2' 6 'iOO psi
Second plasic mciulus, 'E(9) = 75,000 psi
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Approximate Material Properties

Modulus of elasticity, E(2) = 29.1 x 10 6 psi
First yield stress, E(3) = 160,000 psi
First plastic modulus, E(4) = 7.8 x 10 psi
Ultimate stress, E(6) = 180,000 psi
Second yield stress, E(8) = 170,000 psi
Second plastic mod'lus, E(9) 8.85 x 10 5 psi
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Approximate Material Properties

Modulus of elasticity, E(2) = 10.5 x 10 6 psi
First yield stress, E(3) = 44,000 psi
First piasti• modulus, E(4) = 4.9 x 10 5 psi
Uftimate stress, A:,(6) = 62,000 psi
Seconid yield stress, E(8) = 58,000 psi
Second plastic modulis, E(9) 6.2 x 10 4 psi
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Approximate MaterialProperties

Modulus of elasticity, E(2) = 9.9 x 10 6 psiS
First yield stress, E(3) =36,200 psi
First plastic mo~dulus, E(4) = 1. 1 x 10 5psi
Ultimate stress, E(6) =42,000 psi
Second yield stress, E(8) = 40,200 psi4
Second plastic modulus, E(9) 3.0 x 10 psi
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AmfthýAPPENDIX C7

PR(X.' RAM STRUCTUR.E

Thb- o,(ýrafl orrg' .Kiraion of Progvram SOM -LAIS()V. rA is illustrned in Figure. C-1~. The mnai
progr-,cr contrc.,ý uthe overall sohnt-ln jprocedire, by calling two indiv-4auai sets of s~ , routinei, onf.'
for the occupant segrn-ets~ of the program, and the other for the seat segment of the program.
Detailed desciiptions of the occupant :-ubroutirts are presented in Section~ C, 1, and the s eat
subroutines, in Section C.2.

At the start of execution, the main program calls subroutine INP'! to read input data for the
occupant aide and subroutine READIN f-or seat input data. Subroutines CONST and UNIT11L
calculate constants and determine initial values of genteralized coordinates for the occopaot, Wild
subroutine ASSI3LE performs prelimina.-y calculations for dhe seat model. T1hen, a solutI-,on lopis
trntei-fd at initial time and passed~ through for each time step. During eachi pass through the ý_olufion
loop, subroutinie RKAM advances the solution for the coccupant equations of motion onec time step
and provides forces to be applied to the sea~t model by the occupant. After the call to PKAM, if the
finite element seat mod.1 is being usted, subroutine SOLVE adv'rices the sclutioo by the seat
structural analysis to the same point in time that has becrn attained by RKAM. At timie intervals
.e1le'cted by user input, subroutine ANSWER stores, in arrays, user-selected itemns of output data.
Dazo. for po. t-processing plot programs are written oti ex~te~rnal files 14 and 20) f6o- the occupant and
seat, mspectively. Addidionai data are, written or. unit 26, as described4 ihi Section 3.4. These files
must be saved if plots are desired.

C. 1 QCU&T5LRJUTIL

The relationship amiong the s ubroutintes A'n the occupant segment oý1 thfe program is illustrated in
Figure C-2. Indiv~dual subroutines are described betow.

C. jI ~ A A~Ž.Callk-d by IHQUAIT; c ilkula*,es ek-nients ofl the inertia matrix JIA
for the Uiree-ilimensional ocv.cup,-nt model.

C.120 b~lj~AA.2 Called by EQU AP'1ý calculates elemelnts of the inertia matrix for the
plane-motion cycupant model.

C. 1. 3 L Ca lled 'y MAIN: ca~.culales accelerations AC(l, J) of' hody
segmeit-ns in dvtioemrtiadl coo~rdinai te Sy'ýtr *untl 'id armsfomrn. the accelerations to seginent -fixed
ct.,ordnate svt~~C!lts .ever~ty indices andegai position, velocity, and force data for
Owpti~t AWe teA; plot dala unllý, I .4ývli 26. tif ilrn is rrquested yusrIput, ANSWER

XV~~~~~~~~) £C511 9;j~pm t-~ O ~ l )nd svaý A. icck-coins (on tiAnit 10 for su keq uýnc filteIng by
sao E1 ~ Q aldh QUA.TE, 1`01 A'12, 1,0110[)Y, L-INV31F, or SOl VF inI thc

evert ofahbiormal u. rmninIa'av

~ ~L.Žij~z~j\~j<~J (. L~in ito ý v 'ýy N PUT, then by I ST( N; ca Icul atcs C Urrent
atth,- a! rtcrydh H ox'a- (ACC'(Y!). J 1 , 3) hased enl inpu)t acce leriati(n pulses.

~ ~-. \ !c~rnur>~ ~v(ri aircralt coord1intC Mvstein) trild (liP1[ýIaCCnlne (InI
:i~;Irn I~sc~ z ei"J,1ralc r;,"'o 01( Iii~rtl 1ýkis.. dkvuu oni, 'lrt I Ni Set 10 101 , S

Wa O'SiV f~ fy'
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SmW.vii 15NS01 ~ ~ldb ~A ami~tiv by IMAIN); CatIcuhtc-s do-r "alives
and formis two. I x 2N arrays of va iabies an.1 d..ývarive:.r

V(11) -. Q(1) QIX)('

'V(N) Q(Nq) Ql..R(N)'

V(N+ 1.) Qf)1)~ )) Qfi)D(l)

V(2N) :2; QD(N) DER(2N) QDD(N)

where N is the nuinbu.) of degrees of ffeedoin, either 12 for the [)lane -niohol T),imdel or 29 for the
three- di mens ik naI imxdel. TIhe velocity and acoýeIeration of the DRI Tfl(xb~ are assigyked to
DER(2N+i) and DER~(2N-i-?), Yeqsectively. If the two- deg-r."c - f- freedom energy-absorbing seat
model is used, its velocities ind. acceltrations are, assigned to DfR(2N+Y)' thrOugh 1)1'4,(2N+6).

EQUATE is c.,tiied to provide vallues of the derivativ~es (th,ý gz, terah zed vclocities, QD(J), and
accelerations, QDD(J)). RK4M then iwqgrates the, two, sys ell.- of flist--ordr equations.

CwL.6 u-XT1M.. C'elled by 17QCUA.TC; ý.alculates elements i' ~'kvelociiy-dependent
vector f B) for the three dilnensioral tntoiel,

C.1.7 5jj&jauiJirxLtAiTXZ., Called by EQUAT2, calctuýate- elements of vcctor (131 for the
plane-m-otion muoel.

C. 1.3 Smb AAW2VJJ Called by FOR F~C vcyytljvcs posi~ion of the point of intersection
between abdorainal c(fltevc zýý)rtfaCC, 3nd tHigh (c0ntaý.t-wrztwes "p-ojclted on X--Z planie).

C.1.9 f_ NJi~AI~. Called by 1NM' cmue coordina'es for (hie itm~ge of the seat inl
front of that being modeled. 'These (ooNrcdinate,' arc !)kn ava',fl for usc by i~w ý,&,.senger plot
program. If stat back breakovcr is being modelced, Ai Lý,AtA ;y Al 'X.UB to Co:xnaite
derivatives Lor veat b-ick niotiort.

C. 1.10 Passldb IP' oc ~T~enger; l7-AScf (Ai input data,
cA cuLte~z vfl aes cif parafMdcrS Otht Xen rain COTAStaiV ths~ " ~~ meet in l
constants include fincnorv;Mw, of (occulpaft di!Wtný- ~fovs use, iii lhc t, kir~ltn oIf' imoilo ann ijoii
res~istance amtes

I.N......A iA,¶1 A11 ,P_ A' Ch'X 0 'iI(Ipli LU iN

1 11 M-,'-,'-ý~ -----.- '.-. S M~,a4~p~*M~n*.f~~a4.



C. 1. 12 ~j1 . ijt.jJ T Called by AJJXSUB for thc plare-rno lion occuapara; tu:;cs latest
Values of generali~zed co omrinates andi velocities to calculate, termis iv occupart equ~iations of mtotion..
Sc-,vz-s equations (if axnction for aý,ccle,ýadions QDD'j).

Calls AMATX2, BIMAUX2, VMATrX2, RNMATX2, vnd QMATX2 in se-tting up the eipuations of
niotion -rid c4Us LIN V3Ffoil their solution.

(2.1.13 ~ 4 FjLI3.Cailed by FORCES to compute restiainl system forces,

CJ.1,14 ajibbj~UtHa. Called by FORCES to computt seat cushicii forces. The cushion
forces include fuictional comxponenis whose dirc tions oppose the current velocity of the occupant
with respect to the. custwon.

CII 5 ~ Cad TyFOCS if ýRSYS -0 for lap belt o ly; checks for
head/keg and chest/leg contact. If contact occurs, the fo--ce is calculated based on an exponential
function. The components of the force are then added to the F array already computed by
FORCES.

C. 1.16 ~k~tn Ž~~.Called by QNMTRX or QMATX2; cails FBELTS, 17CUSHN, and
FGi3GDY to cumputez extemai foices, cj~lculates forces e-xt-,rted on the. occupant by t~ie floor. Surns
forces anid tansformn,, them to inertial coordin~ate sysztc - equations of motion.

The forces are placed in an arra'v (F(I,. J), 11, 1 1, J- 1, 3) ',or us,: in QMATIRX or QMATX2.

If the two-degree-of-fieedom, energy-absorbing seat model is used, the zransiational and rotational
accelcrahions are calculated.

C.' 17i7 _ýLbrQ11 M2US _. Called by FORCES; couiputes the poi xt Cf closest proximity
bei~ween each contact surface on the occupant anid the seat in front. DELIN4P(N,J) is the
pc aetration of occupant surface. NL into surface I1 on th.e seat back in front. If DELIMP(N,J) 2! 0 the
irnpact velocity VEFLIMNP(N,J) is calculated- Calculawtes forces due .o sea. bac~k contact,

C. 1,18 Suhroutine INITIL. Calle~d by MAIN, once f(b-r eachi passenger; calculates initial values of'
tV1, gentralized coordinates and velocities for the occupant and the initial dtflections of the seat.
INJITIL first uses input values of GAM(J) to diermenine the angular position of thr, boy segments 1
through 7. Beasod on thc air-raft orientation, the occupant's wcighs Is appi~ied vi the seat and
,n.;stroint systemn, and the poslton of the lower torso segaieit (X I, Y, I I I) is determiried. From
tiie X arnd Z coo~rdinlates of segment I (comtputed htiic) and of thfe ocupant's ']erls (from INPT)
the position of the leg se~,ments is calculated. Through iut thc:;enuiaic the bod-y is

NAlf)ume'd to tbe symixetric with respe~ct to the- aircrafi (X -Z) p1 ne.

If tne, sLz is i iwi 41ly warped so that the s,,a! 1ba~ck anji k! is lhingcd, the values of GAM( 1),
(JAM(2), and GAWt 3) are adjusited taccoidinglY

In Lic evc :d t'iat the input inil ai coiiditlu..ý.ks U~e~ VVIiab I U I fe its onl Occupant
imcn) try, a diau m;ý olcss'igeis provided and executiion is NLt'(ppc.A

L?, 1 N N P, "'.(lV by A.N;wd (Mck up: E irlp~ dpltý DI v tailcdi dscrciptd~so
pt. I ; ue itý 19 1 1 ]on ofj;r i

ii.'() ~~br(t~:e._ J )! S'. Ap'U .r)i\I1<.(k?\Kaun.:av i h



C.1.21 hUbXUt4DUJ:,ht. Called by FBELTS and by IORCGS; uses linear interpolation in a
table of force (Y) versus deflection (X) values. A description of the parameters in the calling
sequence Wollows:

X A table of the independent variable, xi, such that xi.+ I xi (if ICIIK = 0).

Y Thie table of the dependent variable, yi = y(xj) (if IC1HK = 0).

N The number of entries in each of the above tables; i = 1,...N.

XA The independent variable, x, for which interpolation is requested.

XLAST Previous values of XA and YA.
YLAST

ICHK Index which is 0 or 1 depending on caHl during loading or unloading.

XCURV Point on loading curve from which unloading started.
YCURV

C Unloading slope, used only if IUNLD = 2.

YA The detmndent variable, y = y(x), being determined.

IUNLD Index which is 2 if unloading slope, C, is to be used, 1 if unloading
proceeds along basic loading function.

C.1.22 SuwroCutk _ 1NY3E. Called by EQUATE and EQUAT2; performs linear equation

solution:

A Input/output matrix of dimensions N x N. See parameter IJOB.

B Input/output vector of length N. On input, B contains the right-hand side of
the equation AX = B. On output, the solution X replaces B.

IJOB Input option parameter. IJOB = 2 implies solve the equation AX=B. A is
replaced by the LU decomposition of a rowwise permutation of A, where U
is upper triangular and L is lower triangular with unit diagonal. The unit
diagonal of L is not stored.

N Order of A. (input).

IA Row dimension of A as specified in the calling program. IA must be greater
than or equal to N. (input).

D1),D2 If I)1 is non-negative on input, then 1)1 and D)2 will be components of thu
detenninant on output such that determinant (A) -)1 *2**1)2.

WKARFA Work area o( lcngth at least N when iJi( ) 2,

iER I nror [plrametccr, Il'rrninai el'for 1 ?8 -N, \ hcieN 2 indiiaitcs rhat ntuarix~
Ais aIJo thncl ly siueii~lar.il"iR

(f)



C.L23 SLubji. LUDAI•F. Called by LINV3F; performs L-U decomposition by the Crout

algorithm with optional accuracy test.

A Input matrix of dimension N x N containing the matrix to be decomposed.

LU Real output matrix of dimension N x N containing the L-U decomposition
of a rowwise permutation of the input matrix.

N Input scalar containing the order of the matrix A.

IA Input scalar containing the row dimension of matrices A and LU in the
calling program.

IDGT Input option.
If IDGT is greater than zero, the non-zero elements of A are
assumed to be correct to IDGT decimal places. LUDATF performs
an accuiracy test to determine if the computed decomposition is the
exact decomposition of a matrix which differs from the given one by
less than its uncertainty.

If IDGT is equal to zero, the accuracy test is bypassed.

D1 Output scalar containing one of the two components of the determinant. See
description of parameter D2, below.

D2 Output scalar containing one of the two components of the determinant.
The determinant may be evaluated as (DI) (2**D2).

IPVT Output vector of length N containing the permutation indices.

EQUIL Output vector of length N containing reciprocals of the absolute values of
the largest (in absolute value) element in each row.

WA Accuracy test parameter, output only if IDGT is g;eater than zero.

IER Error parameter.
Tenninal error = 128+N.

N = I indicates that matrix A is algorithrnically singular.
Warning error = 32+N.

N = 2 indicates that the accuracy test failed. The computed
solution may be in error by more than can be accouned for
by the uncertainty of the data. This warning can be
primuced only if IDGT is greater than 0 on input.

C. 1.24 .•ukh tjnaLUL•L• .. Called by LINV3F; performs the elimination pan of the solution of
AX = B, in full-storage mode.

A The result, LU, comp1ued in thc subroutine iAlI)ATI-, wheie 1, is a lower
triangalar matrix with mwes orn the main diagonal. iU., upper uriangudIar. I.
and I awe str- int as a sinrgle, matrix A, and I the unit diagonl ot 1. ik not
stored,

B 'i i t d Vc(t0 of Icrgth N oni th,! right, hiinzd s•ik of tie eqi;- itn AX f- ,

C *17



IPVT The jermutation rnwrai;. retiur'ned fOrr the subroutine .,13DATF, stored as an

N-Iength vector. 0

N Order of A and nutmber of rows in B.

IA Number of rows in the dimension statement for A in the calling program

X The result X.

C.1.25 ' .QI I .d RQ. Called by MAIN; writes output data, along with headings, on the
output file. The parameter 1OUT(J) ftom input determines whether the output file receives data of
Type J. For example, out put category No. I is occupant segment position information. If
IOUT(1) = 1, these data go to output; if IOUT(!) = 0, they do not. Also performs filtering of
acceleration data if requested in input. Called by EQUATE, EQUAT2, FOBODY, or SOLVE in
the event of abnormal termination.

C. 1.26 S CalleA by OUTPT; provides printer plots for up to three dependent,
continuous, single-valued functions (Y1, Y2, Y3) against an even-incremental independent
variable (X).

M The number of dependent variables (1, 2, or 3).

NP The number of points to be plotted for each dependent variable.

X The independent variable.

Y1 The depndent variables.
Y2
Y3

C.1.27 Subroutine POSTON Called by QMATRX or QMA.TX2; uses equations of the form

fYJ=E ni J

to compute absolute positions of 29 points on body (XC, YC, ZC). Computes positions of the
same 29 points in aircraft coordinate system (XCA, YCA, ZCA). Calculates velocities (XCDA,
YCDA, ZCDA) for output and for use in velocity -dependent form computation.

C.1.28 S ibroutineQMATRX. Called by EQUATE for the three-dimensional mnodel; calculates
elements of generaliz'ýa force vector [Qf-}. Calls FORCE.S for computation of external forces
acting on occupant.

C.1.29 ,ALro.rUn•h.QMATX2. Called by 'IQUAT2 for the pane-motion model"; calcolates
elements of generalized force vector {Qf}. Calls FORCES for comp)tatioi of e.xternal forces
ac:ing on occupant.

C.1 30 )lbrOumt6k1 Rl'•ITJ. ('alled by NI AIN at ipit ,pt'cif t d ci v ý) 0ae i 1 t I, f
otl 11tW .5 to[ resi.rtlfig soM 6ti1oi aT ti i t ltr thani ei+(o. ('A..140d by INII'. li ')okinr i:

rtiarcxd to reCia- data IreV ituiS!V '+lored itiiit ,_5

i( N



(C.1.31 , a•.siL•ttw.tl, AM. Called by MAIN; solves P set of N simultaleous, first--order,
ordinaty differential equations. Because of the imrixrlarce of the integration scheme (o •he success
of any dynamic analysis program, a detailed discussicu o.f the method is provided aloug with the
description of the FORTR'AN subrmutine.

W.,ab.g - The user is allowed an option of using either the Runge-Kutta classical fourth-order
method or the Adams--Moulton predictor-corrector method using the Runge Kttta method for
starting the process.

'Ile system of equations to be solved is:

Yi' = fi(x, Yl, Y2.... YN)

i = 1, 2..., N (C.1)

Yi(Y- = Yio

Let Yin be the value of yi at x = Xn and fin the derivative of yi at x = xn, and let h 'e the increment
(step size) of the independent variable x. The classica! Runge-Kutta fourth-order method uses the
formulas

kil = hf;(xn, Yin),

ki2 = hfi(xn + 1/2 h, Yin + 1/2 kil),

ki3 = hf(x~n + 1/2 h, Yin + 1/2 ki2), (C.2)

ki4 -: hfi(xn + H, Yin + ki3,2),

Yin+! = Yn + 1/6 (kiI + 2ki2 + 2ki 3 + ki,t)

The normai option is to continue the integration with Adams-Moulton Fxdicfor-correAt orimulas
once enough back values have been generated by the Runge-Kwuita meth(,t.

The Adams--Moulton predictor-corector formulas for the systeom (C. I) am

-"{',1 )'., ±" (4 5 ' (' 3 1. •,-

,(),)~, - 4 -ii,
Y' il • 9.i • ,ln ! i t "• 1 ( .! Q!

I fil l" •

A ML- i t• ' * > :' ! "-'-t' v~l'll • l ll f'l " + ! Ii l t!l~i,'l-. tl!l ll i' !R' * .l fll¢



The corrnctar forrnula (C.4) is a~pphed OMvi oýnctz. ptr sw4Y ,ý onl\v I4w0 2oV~t
are need cd for each Adaris.- Mou Itorý -otet,~ tp h ~n~nxe n(3
initially obtained, using the unge-KMiaa tnethoxL

The Adamns-Moulton mfit. hod ay te Used, Wii (ýth &fi~ a fixed step siz( or a var;?i shtl-p Die.Te
step size to be used in the vaiable mode k dewm-tined frmn the d.fffeycne N-rveen th pcdw.ie
and corrected values. The integrationi steps:iyze is ills controUWi dynainkcally between pies;cribed
error bounds so ztiat executio, speedx and aceunnwy c-an be o.ptimnized.

-An auxiliary ioutirtertust be provided IL, evlation of the tfh;o:-oie'drvivs
(~See AUXSUB uinder Calfing Seque-nce.)

Initial conditions for both vriabies and dtii~vati ves iriast b e 3ton)t-.d in their respecavew iocatiofls prior
to entering RKAM.

XDP x, the independent vahaiaule

HD P fit, the integrationi step size

VAR = N-dimensional vector of dtpendent variables (Y1, Y2.. Yn)

DER = N -dimnensional vector of derivatives (Y1', Y2-,...,Yn 1)

A UXSUB = Name of the aiuxiliixy routine that computes derivatives and stcres
them in DER(l) to DER(N). The main program, which calls
RKAM, must contain an EXTERNAL statement. No itemns are
allowed in the calling scquence.

N 7: Number 3feq~uations

OPT = Option indicator, zero for AMA, non- .'tzr for RK only

EU N-fdimonsiontd vector of upiper boundi fromn main programi

UL N-dirnensional vcctor of lovvei 1b.ounds froii inaui programti

TI iM/k Abý.solute Value of nmaximnfm ailowable slep Size~

tdN - Absolutc '- aluc ofiiminirmum allowable step NizxC (IINIFIN > 0)

i (?NTInernal cominter,se ttomcr,, Mianiya'f it IMA IN

TFM'sA tWo (hrc~ities'omi (9,iN) Tv'~eg iC,.1 ITAP (1,11), 1 , N
)lL.u't hue wtI i.) zero) Hitti~dly or -witn 11Ie ,inug

N i he 011 ' ihstcp ~ a;~

I N r ~ 2 I - V j hjjj il 1Km In 2. (2' It I't



Ch,,- s-abroutine emplto:, the fourth-order Adams-Moulton predictor-

crxnec-tor U~rta1&sin~g t. sii riiod Runge-Kutta method to obtain, starting values.

AM has the foo'ikiwgardvanrigges with respect to RK:

I . Cndiy baif as many derivative, evalaations per integration step are required to
attain the sang ,order of accuracy,

2. TFhe local1 truncation error may be estim~ate~d at the conclusion of each
integration step theeb~y providing a meaviý R~r st'j) size control.

For evch v~uiable, thelcx-al truncation error is approxim-ately one-fourteenth the difference between
die prtdicied arid correeted values, Nail. is

14 1 i(c'5)

In RKAM. the differences T~~ i~ are formed and comipatied with pesitive numbers EUj
and ELi. If Di Ž .E~ for Ay, i, the stcp size is halved provided jhi,2 1i > 1HMIN. If Di < ELi fort aIL i.
and for three successive steps, the step size is doubied provided i2hI 5 HMAX. (Note that h may
be held fixed either by setting HMJNT = JIMAX or by making jUi and EL, prohibitively large and
small, respectively.) If halving s cJled for during the first AM step folloviing the three initial RK
steps, the step size is halvicd, the indep-ndeni Nrariable is set back to its initial value, and the three
RK steps are repeated. This -will continue until the first AM step kis successfully iaken. From this

* point on, halving is effected by interpolation of past data whereas doubling is accomplished by
ahernate selection of past data.

L-i se~ecting FU and EL, one should note the followiirg:

I. The test is an absolute test. To control relative error EUi and ELi should be

computed as functions of yi prior to each integration step.

2. Althoiigh the local truncation error in yi is not allowed to txceed EUi, OILS
d(los riot Imply that the cutnuiuaive error will not le~~cued FUji. Therefore,
Eli -and 'Lij should deri. rid ilp')n the rnaxirnxr?,4lowable cumulative ertror
anti the nunmbei of inte. -ation steps.

3 siiweý uokuling h~ will multiply the. traiication ertor by a F- ctor of TS, EL:
!Joul b chose,, less than FIJ,/32 If the advaiiiages of doubling a'c no0t Wo

e!erzient-, of joitn rcs:.ýtance VeC or IR) hij)iut pacameter IIA N fl:tennli ns wliether humaii (I NIAN

0.0 '&Xl1h. OrAL2 OtdlM CPIA IW 1) is ue .L iUteIIHIJO\



C'. 1. 35 ~imlieMT2.Called by EQUATE for the thrix dhnionsional miodtcl; caicuilates
eliemrenu. of force. vector tFj)) de-rived fromt systemn potential entergy.

C. 1.36 Si~bjdjg .MAX Calle byL(AT7 for the plane-motion model- calctdat(.s

elemnents of force vector I FP dtrved from system potential energy.

C11." ~~j~TTN ~~~Jj

The relationships among die subroutines if) the seat segmrent of the program arc illustrated 4-; Figiin-.

C-3. Individual subroutines are de-scribed Nkdow.

C.2. 1 subroutine A 1.r Called by MAIN; initializes the elemer1 i data storage. The miass
matrix and the initial transformations 13( for the nodal coordinate systemiis are assembled, and the

initial values of the pointing vectorsin, T1, ind and the normial com ponents ot the rigid links A are
generated.

C.2.2 Subroutine ASShMRL. Called by PLSTF and BmsTrF; assembles the master stiffness
matrix in a banded symmetric form. This subroutine calls subroutine KADE, which adds a
particular element of the square element stiffness matrix to the, banded master stiffness mnatrix.

C.2.3 Subroutine BASME. Called by ASSBLE, forms the initial element coordinate system E for
beam and spring elemnents.

C.2.4 Subroutine BFRCIN. Called by FRCIN; calculates the beam and spring element
deformations and nodal forces in the element coordinate system. Performs the operations
associated with the master-slave relations and. transforms the foices to the nodal coordinate system,

C.2.5 Sut utine BGEOM. Called by READIN, reads the data describing the cross-section
properties of bcamiS nd. qprings. Generate~s certain additional data, such as segment lengths and
torsional constants.

C.2.6 Subroutine BMEND. Called by BMSWF; calculates the reduced stiffness matrix due to
axial force, shear, and moment discontiunitites,

(12.3 Subrutine BMST'W. Called by SOLVE; calculate~s beamn or spnng element stiffness matr'IX.
The principal subroutines cadlled include I3MSTF"I for clastic material, RMSTF2 fbr ineiasiic
mater_,al, BMENI) for the xmo,1 ,ation of the stiffness due to special uend conditions, and'ASSMBI,
lbr assembly oif element stiffness.

(.>2.8 ýý i a~11j Called by HMISTF'; calculates the eicstiffness mnatr-ix f~r it beami
or spflfl¶, elen-ýnt.

( .29 &~roune N4~12 (ailed by fBMSTF calcu ;t sict~n a ttns io ~

bearn or spnng element.

C.2. 10 Suhroutinll t.NI). Called by SO LVE, *yplis ~III( 'pcci raWd bounda-iw i~o~w Ow
lIsswmbh..( master sa tfness n'aitrix.

C'. 2.1 1 'iA&,1u~nc CRO~ )S. '(- !ii, ~IIFtihriinl :Iu~. h r~~li~~~ ~'~i~rc

(.2.12~~~~~~ ~~~~~~ -Truun ( ,\1I. ;i' ~IPSl.& iaa Lei:~~.CI'Ta.t~
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C.2.13 £kiuieLRA.Called by TERCN; provides "lgebraic expressions, for curvature
components at the midpoints of the 'three skides of the plate elermenis ,is functions of 'he; nodal
rotations.

C.2.14 5k.Q~ Q.Uiit urotn, e es a packled word.

C.2.15 5iijwjDjn DGMPRD. Double p.recision versior. of W/1PRD.

C.2.16 Dou~ble n~recision v'ersion of GJfPRD,

C.2.17 Lub !ItinQEj,5~TF. Called by PLSIT; calculate-, plate eienien stiffness miatrix. This
subroutine calls TRIANG for the in-plane sti-ain-displacement rclationship, CRVTFBL, for
curvature, and FORMK for calcu!ation of appropriate elements in the stiffness mnatrix.

C. 2. 18 Subrutine .Z Call'-d by BMSTF and PLSTF; transforms appropriate variables from
the element coordinate system to the global coordinate systemn.

C.1. 19 ~jk~tifR j.Called by EPISTF; calculates the produIcts 01' three differlent
matrices.

C.2.20 ½jn± iN Called by SOLVE; cilclatcs internal nodlal forces. The programn
updates the nodal coordinate transformnations 3, and calls subroutines ITRCIN for piatv,.ý forces ano
BFRCIN for beam forces.

C.2.21 Surudr Called by SOLVE; Ca1!CUkiteS the '_:Xteinall forces incl~iding restraint
system forces and forces exerted by thv- occupants~ on tbe setpan an, I seat back.

C.2.22 utn F'WARlP. Called by SOLXVE indific-s forces to account fbr specifited flooxr
warp displacements andI rotations.

C 2 23 ~ ~ Calle-d by !LOCFR(' numverically ilitegfates !;t;resc .1tte rs

'section of the bleani to obtalin Internal forces and mo;nents.

C.1224 S~L1jjCdj4, I C'a]cd by 1 FR(IN- cojnpcmies mnoments and forces :it a
Cross Sýct ion of an CI lastic-plastic [)late (w I h/I Ih ~lt -tinte gral I ng -1rou ,It tlich thicktness.,

(C. .5 S_ Jilt t;hrnn' oeiins gcnrral nutx ýmilt plicmto

C .2 .26 IfJ ofitNy 'NublOIitHIC calca i uche Wil nt ofth tr:wA~~ ofp~sn a Imatin.1

with anothernmatrix.

(C2.27 ýUL .UIinlcjIAL)Lj) ('Alc h1w ASSN111I aldd, nli ia elent:ct of dl(. qUmAW M';H~.~tx
thle handedrimatrix.

C .? -X C (alled Iw El I I in n rIlopalic arf iiWis.k h! V:dtmc,,
lo~ii~cc';u, .U ii~flT i ciO I~ts, III Ill(. hcall) cb V 'll '0 ldill't) ill, I mm111d tI i LI ½.~ '

in itýicd lot the. sprinig ini thri etenweti t'exwdmr''e 'ý' srIVM

( .2.2w ý ,,{Called hy vt I M T! M)t 1N1 ), nt IKAI 11), :tpt~m ol

plmw ' imia (.clmne'n tfA naumam\weaoi± 1 ii m. )lItnidcdm ln t~fnm.



C.2 30~1 ii~M~~Ji.Caiied by SOLVE; solves the linear system of equations E x =F for
xI (displ.acemews). The rnastfr stiffness matrix h is assumed to be symmetric positive definite and
storeti -in the compressed form, that is, main diagonal and upper codiagonals rowwise in
successive storage locatic'ns. F is the applied force vector. This is a two-step equation solver that
user, Chokesky's method. In the first step the master stiffness mairix K is factored into an upper
diagoiial niatnrx Uand a lower diagonal matrix L.

.K (C. 6)

ard let aix=v (C, 7)

so that the linear system of equations i•N = F is equivalent to

,Lv = F (C. 8)

In the second step, equation (C.8) is solved by forward reduction for v and finally e~quation (C.7)
is SOlve for x by back substituting for v.

C.2,31 SuboujeL,11ES.I/MISES2. Called by 'TFRCIN; computes biaxial elastic-plastic
stress-strain relation~s using Von Mises yield criterion.

C.2.32 Subrouitine NODALF. Cailed by TFRCLN; calculat--s nodal forces and moments for the
plate element.

C. 2.3 3 S QU _NTQQ'. Called PLSTF; transforms appropriate variables from the global
coordinate system to the nodal coordinate system.

C.2.34 Qjrj~n UTPTS. Called by SOLVE; organizes and tabulates outpuz for those
quant; tizs selectedl for output. Deformed seat moJel plot data are writteii onto file 20 at user-
selected times.

U2.35 41jp~LLSF. Called by SOLVE; calls EFFTS~'Eto form the plate element stiffness
mairix and then uses ASSMBI.. to assemble the ulement stiffiless.

C7.2.36 Su~broutine REAI)IN. Called by MAIN;- reads all Input data and,. if'required, initializes the
data files, U ndef'orrmed seat fluxel data and modr.eI parameTerWs are. writte n onto file 20 if eque~iied

(".2.37 S rubji~~ CVIK alled hy MAIN; pet-forms the maumi solution Iprocedu~re . '[he
principal suhiontines called arc B MS'!, f'(r beu a)- oprlnpii Ntiffnesis, IP1 ~S'F lor piate stdiffness,
FR LUIl?) for applied force's, MCI 1B for t11C so!luioti of 11idi s phicni t's, iind ( A YP' S f r printed
ou1tint and plo t oi- selected 1,arant eters.

C-2.38 Cal~re~iiI4(.(tled from L(X'RI.C 'c~iiciate\ dae cllcw 'nt occ' hor ý1 sii
clemnent.

;Q Q-tjL1[ltfflJ[I.nC, .'r I Cilc (if i (In Gr~i NH :\SSI III N ; : i~i~d , it) it;' (HtfInrnpe

;ls ~ L aE 1'1 1 'ill r 11i bySM i th 1eý Ici 'i i ',r ifi) w r c kl pt1

11;e Ic ,1fi hi [);I( ch' II!in f w h 11 i ~ m :t !h c v k i]I f k k



forces in the eoeernai u:x>dinate system '1w ko-, .'s O mkir1 ~tansbmCt&i-e. ho r ixiJ cocw viw-tý
Systerp.

C.2.42 -iadfo~ P1S~; e~i sc~i of Otlw stru'±l.i
displ~acommit relatiouship for a plate eleiont.

C.2.42 ~Lgi~jjgejLc2QT Z' CaIled from THZCINT cxilc~aates the. d fc4'0rx~ed, ]enpth of plate
elemnent ~is

L+ FR:Z. Called by T'P CIN; de te~rmines thie corrvoi ten fs of a vec tor c mniu
,o a r~fe,~:



APPENDIX D
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